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FOREWORD 


This report fulfills the final reporting requirements for "Development of 
Control Systems for Space Shuttle Vehicles" performed under National Aero- 
nautics and Space Administration Contract NAS8-2 5181. The program was 
conducted under the direction of John M. Livingston of the Aero- Astro 
Dynamics Laboratory, George C. Marshall Space Flight Center. The 
Honeywell Systems and Research Center work was managed by Dr. Grant 
B. Skelton with C.R. Stone as principal investigator. T.W. Chase was 
co- investigator. 


The report is presented in two volumes. Volume I contains the ten sections 
for the main body of the report. Detailed derivations and data are presented 
in eight appendixes of Volume II. 

Section I was developed by Drs. G. B. Skelton and E.E. Yore and Messrs. 

J.G. Rupert, T.W. Chase, R.K. Phelps, A.J. PejsaandC.R. Stone. 

Sections II and III were prepared by C. R. Stone (covariance analyses) and 
T.W. Chase (conventional analyses). 

M.D. Ward generated the covariance data and performed quadratic syntheses 
in these sections. T.W. Chase prepared Sections IV, V, and VI and Appendixes 
B, G, and H. Section VI was adapted from work performed by M.W. Reed. 

Dr. G. Stein prepared Section VII, C.R. Stone prepared Sections VIII, IX, 
and X, and Appendixes A, C, D, E, and F. E. D. Skelley synthesized the 
quadratic controllers and obtained the covariance results of Section XIII. 


MSFC provided the trajectory, aerodynamic, and mass properties data for 
Vehicle B. Data for the North American orbiters 130G and 134C were used 
without restriction by permission of Mr. A. B. Kehlet of the North American- 
Rockwell Corporation. Messrs. Stone and Chase and Mrs. B. M. Kizilos 
estimated missing data by use of the DATCOM Handbook, slender body 
theory, and impact theory. 
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APPENDIX A 

LAUNCH PHASE RANDOM NORMAL WIND MODEL 


The random wind model used in Sections II and III is discussed. This wind 
model is used as the "normal" wind for pitch plane studies and as the side 
wind for the lateral investigations. 

The random wind model is the Skelton differential fit (ref. 6 ) of Vaughan 
wind data (ref. 5 ). This wind model will be referred to as the Vaughan- 
Skelton model. 


The Vaughan-Skelton model is used in two different ways in this report. First, 
the differential equation jnodel is used directly in covariance analyses in Sec- 
tions II and 111 and for the quadratic control synthesis in Section . II, .Second,, 
an analog simulation of the differential equation was performed to generate 
typical samples. One of these (Figure 7) was stored on magnetic tape and 
used in the manner of a "synthetic wind" for the analog simulation studies of 
Sections jiand I IT.' 


The wind v w is taken as made up of a mean v w and a random component 
(page 29 of ref. 6). 
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= V + 

w 


w 


= v + o u 
w 
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a = standard deviation of the random component 


h - altitude 


T} = unity white noise 
a i = 0. 95 • 10~ 4 / m 


1 



a 


a 


c 


2 

3 

1 


c 


2 


= 0.735- 10 _4 /m 
= -0. 91 • 10" 8 

= V 2(a l " a 2 a 3 ) 

4 12 1/2 

= [2(0. 95 x 10 + 0. 735 • 0. 91 x 10 )] 

= +1. 378 x lO^/m 1 ^ 2 
= [2(a x + a 2 a g ) Cg] 1 ^ 2 - 25 ^ 1 

1/2 

= [2(0. 95 x 10“ 4 ) (1.442 x 10~ 8 )] -2(0.95- 10 _4 )(1. 378- 10" 2 ) 


= -0. 96 5 x lO^/m 3 / 2 
c 3 = +1 

c 4 = 2a j = 1. 9 • 10' 4 /m 
2 2 

c 5 = a l +a 2 

= 10” 8 (0. 95 2 + 0. 735 2 ) 

= 1. 44 x 10" 8 /m 2 


For altitudes up to 32 km, the mean wind is taken as the E-W component at 
Cape Canaveral during March (page 13 of ref. 5. It I s plotted in Figure Al. 
For altitudes greater than 37 km, v u is taken as 20 m/sec. 

Similarly, for altitudes up to 30 km, the standard deviation ais taken as the 
E-W component at Cape Canaveral during March (page 13 of ref. 5). These 
data were smoothed as is shown on Figure A 2. For altitudes greater than 
30 km, it is assumed <j= 5. 7 -(1/6000) (h - 30, 000) for h > 30, 000m where 
a is in m/sec. 

The a's are taken from page 23 of ref. 6, and the formulae for the c's from 
pages B-6 and B-7 of ref. Al. 
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M/SEC 


ALTITUDE - 1000 METERS 


Figure Al. Mean Value of E-W March Wind 
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Figure A2. Standard Deviation of E-W March Wind 



Equations (A3) and (A4) which follow are an alternative (which was used in 
this report) to Equations (Al)_and (A2). Equations (A3) and (A4) were derived 
under the false premise that v w would be required at some place in the study. 
Equations (Al) and (A2) are the preferred form because less work is required 
to obtain them. 

Differentiation of Equation (Al) and use of Equation (A2) yields 


v = v + v 
w w w 


(A3) 


v = ctu + cru 
w 


= crjcg hx + Cj V"h rij + ct/ov 
x = -Cghu - c^ hx + Cg Vft T| 


c 5^ ~ 


\n~ 

c^ hx + Cg ” h 


Hence, 


• 1 

/V 

V 


• m 

cr/cr c^crti 


/ > 
/V 

V 


/ ' 
a Cj Vh" 1 

< 

• 

X 

k t 

> - 

c=ti 

- ~ -c.h 

a 4 

< 

X 

[ > 

> + < 

> 

c 2 
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(A4) 


For simulation purposes v w [Equation (A3)] and the coefficients of Equa- 
tion (A4) are needed as functions of time. Most of these are calculated in 
Table Al. 


Columns 1, 2, and 3 are taken from Table 1 (3. Og limit trajectory) of ref. 18. 
Column 6 is taken from Table 3 of ref. 18. 


h = Vp cos is presented in column 4 (V^ = relative velocity; 
Tp = flight path angle) 

a (column 7) is read from Figure A2, corresponding to the 
altitude in column 6. 

The data of Figure A 2 were differentiated and plotted as Figure A3. 
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Table Al. 


Coefficients of the Differential Equation 


1 

2 

3 

4 

5 

6 

7 

8 

9 

t 

V R 

y K 

h 

vr 

1 

h 

a 

da/dh 

a 

Sec 

m/sec 

deg 

tn/ sec 

(ra/sec ) 2 

m 

m / sec 

( m/sec )/m 

/ 2 

m/sec 

0.0 

0. 

90.0 

0.0 

0.0 

0. 

4.7 

.00078 

.00000 

4.0 

19.6 

89.8 

19.6 

4.43 

38 . 

4.7 

. OOO78 

.01530 

8.0 

40. 1 

89.8 

40 . 1 

6.34 

158. 

4.7 

.OOO78 

.0312 

12.0 

61.5 

89.8 







16.0 

83.9 

88.7 

83.9 

9.17 

651 . 

5.1 

.00080 

.0671 

20.0 

107-4 

85.8 







24.0 

132.3 

82.4 

131.0 

11. uu 

1509 . 

5.5 

.00081 

. 106 

28.0 

159.0 

78.8 







32.0 

187.7 

75.4 

181.5 

13.48 

2758 . 

6.95 

.OOO87 

.158 

36.0 

218.5 

72.1 







40.0 

251.5 

69.O 

234.5 

15-3 

4424 . 

8.5 

.00095 

.223 

44.0 

286.3 

65.8 







48.0 

320.6 

62.6 

284.5 

16.88 

65II. 

10.7 

.00117 

-333 

52.0 

354.8 

59.4 







56.0 

389.9 

56.3 

325.0 

18.00 

8955. 

14.1 

.00157 

.510 

60.0 

426.8 

53.1 







63.9 
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50.1 

357-0 

18.9 

11662. 

I6.7 

-.00014 

-.050 

66.0 

487.4 

48.6 







72.0 

557.5 

44.2 

388.5 

19.72 

14681 . 

13-4 

-.00144 

-.560 

78.0 

638.8 

40. 1 



17086. 




84.0 

732.1 

36.3 

434.0 

20.85 

19628. 

9.2 

-.00041 

-.178 

90.0 

837.7 

32.8 







96.0 

954.9 

29.7 

473.0 

21.8 

25094 . 

6.9 

-.00032 

-.151 

102.0 

1083.3 

26.9 







108.0 

1222.6 

24.4 

505.0 

22.5 

30997 - 

5-5 

-.00017 

-.0841 

114.0 

1372.8 

22. 1 







120.0 

1528.3 

20. 1 

525.0 

22.95 

37222. 

4.5 

-.00017 

-.0875 

126.0 

1685.7 

18.2 







132.0 

1844.8 

I6.5 

524.0 

22.9 

4358I. 

3-5 

-.00017 

-.0874 

138.0 

2005.4 

15.0 







144.0 

2167.5 

13.6 

510.0 

22.55 

49853 . 

2.5 

-.00017 

-.0850 

150.0 

2330.9 

12-3 

501.0 


52910 . 

1.88 



156.0 

2495.6 

11.1 

481.0 

21.95 

55879 . 

1.4 

-.00017 

-.0801 

162.0 

2661 . 4 

10.0 

466. 0 


58749 . 

• 9 

-.00017 

-.0793 

168.0 

2828.3 

9.0 

! 443.0 

21.05 

61506. 

0.4 

-.00017 

-.0740 

I69.8 

2879-7 

8.7 

! 437.0 


62326. 

.32 

-.00017 

-.0734 
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Table Al. (Concluded) 


10 
a/a 
l/ sec 

11 

c 3 ° h 
f t 2 /sec 2 

12 

v>/T 

ft/ sec^ 2 

13 

10 6 (c 5 h)/a 

l/ft 2 

14 

C 4 fl 

l/sec 

15 

-10 6 c 2 /T 

1 

l/ft sec 2 

16 

Vw 

ft/sec 

17 

V 

s 

ft/ sec 

.0000 

0 . 

0 . 

.0 

.0 

0 

0 . 

0 . 

.0033 

1003. 

.940 

.00417 

.0037 

1.307 

.4 


.0065 

2055- 

1.35 

.0114 

.0076 

I.87 

1.8 

2.4 

.0132 

4620. 

2.12 

.0219 

.0159 

2.7 

7.4 

10.1 

.0193 

7780. 

2.85 

.0318 

.0249 

3.37 

17.1 

23.35 

.0228 

13620. 

4.23 

.0349 

•03U5 

3.965 

31.3 

42.7 

.0263 

21550. 

5-87 

.0369 

.0445 

4.51 

50.1 

68.5 

+.0311 

32900. 

8.16 

.0354 

.0540 

4.97 

73.6 

101. 

+. 0362 

49500. 

11.48 

.0307 

.0617 

5.30 

101.5 

246. 

-.0030 

64300. 

14.30 

.0285 

.0678 

5.55 

130. 

246. 

-.0417 

56300. 

11.95 

.03865 

.0738 

5.80 

113.5 

223. 







74.5 

I63. 

-.0193 

43100. 

8.67 

.0629 

.0825 

6.15 

29.5 

94. 

-.0219 

35200. 

6.80 

.0915 

.0896 

6.43 

10.2 

0 

-.0153 

30000. 

5.59 

.1224 

.0958 

6.63 

45.5 


-.0194 

25550. 

4.66 

•1555 

.0996 

6.75 

65.5 


-.0257 

19200. 

3.51 

.2055 

.0995 

6.74 

65.5 


-.0340 

13780. 

2.55 

.272 

.0969 

6.65 

65.5 





•355 





-.0571 

7270. 

1 39 

459 

.0914 

6, 46 

65.5 


-.0872 



.690 





-.185 

1912. 


1.475 

.0841 

6.21 

65.5 


-.229 



' 1.818 
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da/dh (column 8) is read from Figure A3, corresponding to the altitude in 
column 6: 


* r\ rr 

h is tabulated in column 9. 


h and do/dh are from columns 4 and 8. 

a /a in column 10 is the quotient of tr and cr from columns 9 and 7. a / a is 
required in Equation (A4). 


The remainder of the coefficients in Equation (A4) are tabulated in columns 
11 through 15. Conversion from m to ft is made during these calculations. 
The coefficients of Equation (A4) are presented in Figures A 7 through A 12. 

• 

Finally, v is required, v asja function of time (column 16) is obtained from 
Figure A1 and h (column 6). v(t) is plotted in Figure A5. v is obtained by 
differentiating the data of Figure A 5. v is plotted in Figure A4. 


All of the data required are contained in Figures A4 through A 12. 


For the covariance analyses Figures A5 throughAl2 (for the mean wind and 
for the coefficients of Equation (A4) were tabulated at 5-second intervals 
(Table A2). 


The analog simulation is presented as Figure A 13. v s at the top left is the 
synthetic wind rate; its simulation was provided for but not used. Function 
switches 20 and 21 provide for selecting combinations of the synthetic, 
Vaughan-mean, and Vaughan-random winds. 

Amplifier 10 (on the left near the bottom) generates time. It drives the 
servos (SM2, 3, 4). 

Pot SM4A generates the mean wind rate. Pot SM4B generates (a/ a)v, etc. 

Figures A5 through A12 contain the values for the analog simulation. 

Figure A 14 presents a typical recording. The top trace is the output of 
amplifier 80 (lower right corner of Figure A 12). The amplitude of the analog 
room white noise generator changes over a period of weeks. Pot 4 was 
adjusted to 0. 311 to yield peak (3 cfr values of 7. 5 volts from amplifier 80. 

The remainder ot the traces of Figure A 14 are self explanatory. For the 
single sample analyses of Sections II and III, the analog simulation was used 
to generate the sample presented as Figure 1 ; it is also stored on magnetic 
tape in the Honeywell analog room. 
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Figure A 13. Analog Diagram for Vaughn-Skelton Wind 






Figure A 14. Simulated Wind 
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Table A2. Interpolated Wind Data 
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APPENDIX B 


EQUATIONS, DATA, AND SIMULATIONS FOR 
CONVENTIONAL LAUNCH STUDY 


This appendix presents the equations, data, and simulations used in Sections 
II ai^d III. Figure B1 gives the reference trajectory used in these studies, 
supplied by MSFC. 


EQUATIONS 

References 19 and 20 provide the basic equations. Appendix H gives nomen- 
clature for this appendix. The 6-degree-of-freedom rigid body equations 
were decoupled into: 

• Longitudinal trim equations 

• Longitudinal perturbations 

• Lateral perturbations 

The longitudinal trim equations were used to estimate the required angle of 
attack and composite pitch gimbal deflection needed to fly the reference 
trajectory. The force normal to the trajectory is: 


13F, 


0 = - 


m 


o 


u 


v_ - a s/c 


a + 6 + cos y_ g + u y_ - 3— C,, +C, T a 

o y_ | 'R| 6 r | o'R ml N q ol 

(Bl) 


The moment equation is: 
0 = 13F„ 


X CG' X 6 6 y + Z CG • z 6 
J o 


+ ^ l C m + C m % (B2) 

o a 


Table Bl includes the data needed to compute these trim requirements. 
a 0 and 6 0 versus time are plotted in Figure B2. The actual 6 0 is shown by 
the dashed line. The 6 0 shown by the solid line would occur in vacuum; the 
deflection needed to track the eg. 

The perturbation longitudinal equations were in body axes, although often 
described as stability axes because the unperturbed x axis was chosen to 
lie on the reference trajectory, rather than the body x axis. Figure B3 
shows the launch vehicle reference pitch geometry, while Figure B4 gives 
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ALTITUDE 
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Table Bl # Pitch Simulation Data 


1 

Time 

2 

W10'® 

3 

mlO -6 

4 

v 0 " 8 

5 

X CG 

6 

TIO -6 

7 

q 

8 

qS/m 

9 

f 

10 

M 

a 

11 

U o 

ft/ sec 

12 

10 4 M w 


14 

Z w 

15 

M « 

(4g's) 

16 

Z fi 

(4g's) 

17 

A , 2 
(ft/sec ) 

18 

y R 

(deg) 

19 

y R 

(deg/flec) 

Trim Data 

20 

C N„ 

21 

C m 

o 

22 

23 

C m 

a 

0 

3.5 

0.109 

3.71 

91 

5.2 

0 

0 

0 

- 

- 

- 

- 

- 

- 

- 

- 

90 

- 

- 

- 

- 

~ 

3 

3.46 

0. 107 

3.66 

92 

5.2 

5 

0. 5 

0.03 

-0.03 

60 

-5.0 

-1. 5 

-0.027 

-1.43 

-49 

48 

90 

- 

+0.02 

-0.028 

2.9 

-1.0 

13 

3.32 

0. 103 

3. 51 

94 

5.23 

45 

4. 5 

0.28 

-0.27 

210 

-13.0 

-13. 1 

-0.063 

-1.49 

-5 

50 

90 

0 

+0.02 

-0.028 

J2.9 

-0.96 

23 

3. 19 

0.099 

3.36 

97 

5.34 

188 

19.3 

1.21 

-1. 1 

330 

-33.0 

-56.0 

-0. 170 

-1. 54 

-54 

53 

82 

-0. 87 

+0.02 

-0.027 

2.9 

-0.90 

33 

3.05 

0.095 

3.20 

99 

5.44 

366 

39. 6 

2.48 

-2.2 

640 

-34.0 

-115.0 

-0. 180 

-1. 61 

-57 

55 

75 

-0. 85 

+0.02 

-0.027 

2.9 

-0. 89 

43 

2.91 

0.090 

3.05 

101 

5. 61 

590 

67.3 

4.20 

-3. 15 

920 

-34.0 

-168.0 

-0. 183 

-1.71 

-62 

58 

69 

-0.79 

-0.01 

-0.007 

2. 5 

-0.75 

53 

2.78 

0.086 

2.90 

105 

5.72 

728 

87.0 

5.35 

-5.3 

1195 

-44.0 

-270.0 

-0.226 

-1.76 

-66 

56 

63 

-0. 78 

-0.04 

+0.014 

3. 1 

-0.99 

63 | 

2. 64 

0. 082 

2.74 

107 j 

5. 87 

793 

99. 0 

6,27 

-4.7 

1500 
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-0.165 ; 

-1. 86 

-72 

58 
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+0.006 

2. 5 
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73 

2. 50 

0.078 

2. 58 

110 

5.94 , 

750 
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6. 30 
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-18. 0 
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-0. 106 

-1.93 

-76 

64 

44 
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0 
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-0. 54 
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2.37 

0.074 

2.41 

114 

1 

6.0 

590 

82. 0 
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2370 
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-0.38 

93 
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117 
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80 
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-0.017 

-2. 15 

-93 

88 
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-0.45 
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-0.005 

; i.2 

-0. 15 

113 

1. 96 

0.061 

1. 86 
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6.05 

220 

37.0 

2. 56 

-0.2 

4180 

-0. 5 

-37.0 

-0.0089 

-2.24 

-100 

96 

21 

-0.37 

-0.033 

: -0.007 

1.0 

-0.08 

123 

1.83 

0.057 

1.66 

129 

| 6.05 

150 

27.0 

1. 96 

-0. 12 

5325 

-0.2 

-24.0 

-0.0045 

-2.37 

-106 

104 

18 

-0.31 

-0. 03 

-0.007 

0.9 

-0.06 
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1.70 

0.053 

1.46 

133 

6.05 

103 

19.7 

1. 53 

-0.05 

6324 

0 

-17.0 

-0.0027 

-2. 53 

-114 

113 

15 

-0.26 

-0.03 

-0.008 

0. 85 

-0.03 

143 

1.54 

0.04 8 

1.15 

140 

6.05 

72 

15.4 

1.36 

0 

7440 

0 

-12.0 

-0.0016 

-2. 84 

-126 

125 

13 

-0.22 

-0.03 

-0.008 

0. 8 

0 

153 

1.42 

0.044 

0. 91 

145 

5.71 

53 

12.3 

1.27 

+0.05 

8650 

0 

-9.0 

; -0.001 

-3.07 

-129 

1 129 

11 

-0.20 

-0.03 

-0.009 

0.7 

+0.014 

160 

1.33 

0.041 

0.74 

150 

5.35 

42 

10. 5 

1. 84 

+0.07 

9512 

0 

-6.0 

-0.0006 

-3. 18 

-129 

129 

10 

-0.17 

-0.03 

-0.010 

0. 6 

+0. 06 


S = 10,250 ft 2 St = 2. 17 X 10 S 6 

t = 211 ft 





TRIM a (DEG) TRIM 6 (DEG) 






NOTE THAT THE REFERENCE AXES FOR PHYSICAL LOCATIONS 
(C.G., HINGE LINE ETC) ARE POSITIVE X AFT, Y INTO PAPER, 
AND Z UP AS GIVEN BY MSFC. THE C.G. CENTERED AXES 
FOR ANALYSIS ARE X FWD, Y INTO PAPER, AND Z DOWN 



Figure B3. Launch Vehicle Geometry 
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Figure B4. Launch Vehicle Perturbation Geometry; 
Stability Axes 



perturbation geometry. The simulations ignored the longitudinal perturba- 
tion u. The resulting 2-degree-of-freedom perturbation equations used were: 

Pitch acceleration 


6 = q = M^q + M w w A + M g 6 + M“6 
Inertial z axis acceleration 


w = q u Q - g sin y R 0 + a CG 
Where the acceleration due to normal forces was: 

a cG 

The acceleration normal to the trajectory 

= a CG - A x 6 
Accelerometer at station 0 

a z = a CG + ^ (x A' x CG ) 

Normal component of velocity with respect to the air mass 
w A - w + siny R w w 

Gimbal acceleration 


(B3) 
(B4 ) 
(B5) 
(B6) 
(B7) 
(B8) 


6 = - 2Qu 6 
n 


u 2 (6-6.) + — q + ~ 6 — a rr 
n 1 Sq 5a CG CG 


(B9) 


Bending momqnt data supplied by MSFC are shown in Table B2. The pitch 
bending moment offsets were not considered, consequently, the equations used 
were of the form: 


M' = M' a + M' 6 
a 6 


(BIO) 


The bending moments were computed at three distances from the nose: 660 
inches, 1, 300 inches, and 1, 880 inches. 
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Table B2. MSFC Bending Moments 


Station 


Pitch: 



M' = M 7 or + M 7 6 
a fi 


Station 

10" 6 M' fi 

in. lbs/deg 

10~ 6 M 7 ^, in. Ib/deg 

10" 6 M 7 
offset, 
in . lb s 

for +a 

for -a 

660 

- 1.62 

-5. 72 

- 6. 72 

7. 98 

1300 

-15. 05 

-3. 17 

-11. 2 

104. 2 

1880 

-22. 8 

+ 5. 84 

-10.1 

182. 1 












The angle-of-attack bending data supplied by MSFC (Table B2) were for the 
max q condition. The derivative M ' a was therefore assumed proportional 
to the normal acceleration derivative Z t for which aero data were available 
along the trajectory. The following substitution was then made in the bending 
moment equation: 


M'o- = 

a 


IM'\ 

Z W A \ 

( a\ 

( w A 

u 

Z 

' ° at 

1 W at 

max q 

\ max a 


The lateral perturbation equations had three degrees of freedom. These 
equations have no apparent product of inertia effects. This is done by modify- 
ing the stability derivatives as explained in Table B3. The product-of- 
inertia effect is included in the primed derivatives of Table B4: 

Roll acceleration 

P = L v v A + L pf +L ; r + L 6 6 a + L Dx +l " «a +L 8 6 z + L " 


P ■ N v v A + N pP + N ; r + N 6 e a + N 6 8 x + N " 6 : 

* a v ft 


(Bll) 
(B 12) 


Lateral acceleration 


v = - u Q r + A cg + g sin y R i// + g cos y R 0 


(B13) 


Acceleration due to lateral forces 


A CG = Y v V A + Y 6 6 z + Y 6 6 z 

z z 


(B14) 


Acceleration normal to the trajectory 

+ if/ A x + g cos y R 0 

Acceleration at station 0 


V N ’ A CG 


A y = A CG + r l x CG - x o + x CG' 

o 


(B15) 


(B16) 
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Table B3, Honeywell Definitions 


Mnemonic 


Symbol 


Description 


Computation 


ALTITUDE 


Mach number 

Vehicle weight 

Distance from aerodynamic 
r eference to center of gravity 
along the X body axis 

Total angle of attack 

Total elevon deflection 


o * 57. 296 
a 


fi * 57.296 


Equivalent airspeed 


VELOCITY 
DYN PRES 


Venicle velocity 
Dynamic pressure 


Pitot differential pressure 


Static pressure 


L' SUB B 


L B DOT 


L' SUB P 


Prime 

Derivatives 


Primed gimbal 


Derivatives 


L .1 2S „ 

s »j/r 'x ' 2 






T 4 . XZ V 

L 8 . + TT 

l ai X ai 


\J/f -It 


K * T? 


Moment of inertia about Y axis 

Moment of inertia about any 
}axis system (i.e., principal, 
stability, body, etc.) 


Moments of inertia about a new 
}axis system rotated in the XZ- 
plane by an angle n. 


2 2 
I xx cos ti +I xz sin2n + ^^Z Bin r 

I zz coe ^ T] - Scz 81 " 2T1 + I xz 8i " 2 ’ 1 

I xz cos2-n - (I xx - fl in 2n 
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Table B3. (Continued) 


Mnemonic 


Symbol 


Description 


Computation 


IXZ/IZ 

IXZ/IX 


THRUS'i Z 

T * 

THRUST T 

T x 

OMEGA SQ 


2 ZET OM 

20; 

T SUB A 

t a 

OMEGA A 

U A 

ZETA A 

{ A 

Y SUB B 

Y 0 

Y B DOT 

Y 0 

Y SUB P 

Y P 

Y SUB R 

Y r 

Y DEL AI 

Y « ai 

Y DEL AO 


Y DEL R 

Y «r 

X SUB M 

X M 

X SUB A 

X » 

X A DOT 

X ,i 

X SUB Q 

\ 

X DEL EI 

X » Ci 

X DEL EO 

x 8 

eo 

Y SUB V 

Y V 


hiz ,l z 


Normal component of trim thrust 
Total thrust along the X axis 

2Cu 


Dimensional derivatives 

4 4 


Dimensional derivatives 


-M a ♦ Z w * M q 
' M a ' M q - Z W 


1 j\ z w •( H; fleo ) >M ./ 

(M # + M a ) 1 

ei eo J 

2 Cw/2uj 


C v q S/m 

Y 0 

C v . q Sb/2Ulm 

C y q Sb/2ulm 
P 

C y q Sb/2Ulm 
r 


q S/m 


ai 


q S/m 


q S/m 


; v q S/m 

a m 

x q S/m 


C Y q Sc/2m U1 
A cr 

C v q Sc/2m U1 

x q 

q S/m 
«ei _ 

c v q S/m 


C v q S/m U1 

Y 0 



Table B3. (Continued) 


Mnemonic 

Symbol 

Description 

Computation 

Y V DOT 

Y v 

Dimensional derivatives 

A A 

C v . q Sb/2mUl 2 
Y /S 

N # SUB V 



ii 

ii 

n yu 

L' SUB V 





L V U 

Y DAI/U1 

Y fl /U1 




C v qS/mUl 


ai 




ai 

IXZ UNTR 



l xz as in P ut 



Y DR/U1 

Y 6 /U1 

r 




Cy q S/m U1 
r 

L SUB B 

H 




% « Sb/I x 

L B DOT 

H 




Cj^ q Sb 2 /2I X U1 

L SUB P 

l p 




C. qSb 2 /2I v Ul 

L SUB R 

L r 




C L qSb 2 /2I x Ul 

L DEL AI 

L 6 . 
ai 




c. q Sb/I 

L « . X 
ai 

L DEL AG 







°x 





L DEL RG 

t 






N SUB B 

N 0 




% * Sb/I Z 

N B DOT 

N /j 




C N^ Sb2/2I Z Ul 

N SUB P 

N P 




C„ qSb 2 /2I ui 

P Z 

N SUB R 

N r 




C N q Sb 2 /2I z ui 

N DEL AI 

N. 

4 ai 




C N q Sb/I 

«.i Z 

N DEL AG 

N «x 


1 1 

i 


N DEL RG 

% 



N' SUB B 

N V 

Primed derivatives 

<N 0 +K 1 ”'l )3 ) / K 2 » 

N ' B DOT 


J J 

(Ng +Kj Lp) / K 2 

n' sub p 

N 'p 

Primed derivatives 

,N p +K l L p> /K 2 


K 1 = I XZ /! Z ;K 2 = 1 0 ‘ *XZ ll X } Z 
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Table B4. Numerical Values for the Dimensional 
Stability Derivatives 


FLf CON 4 


ALT T TUDE 

126.00000 

Y SUB V 

..00642233 

-.920000E 00 

MACH 

. 09600 

N * SUB V 

-.66002997 

. O00000E-80 

WEIRH7 

3499999.99998 

L* SUB V 

-.00023603 

,00000000 

.000000E-60 

C.e: 

•OOOOO 

Y R/Ul 

• OOOOOOE.BO 

alpha t 

-.43637 

Y DAl/Ul 

,00000660 

•O00O00E-60 

del e t 

.46393 

IXZ UNTR 

47OO60OO.OOO6O6OO 

. O00000E-80 

EAS 

62,40411 

Y DR/Ul 

,000006f)0 

.OOOOOOE-8O 

VEi'riCITY 

62,91930 

L SUB « 

-.01146512 

-•460000E-01 

CAS 

62.42969 

L B DOT 

,06000600 

.ooooooE-eo 

DYN PRES 

4.62619 

L SUB P 

,06660000 

.OOOOOOE-8D 

a sub c 

4.63176 

L SUB R 

,00000600 

.OOOOOOE.BO 

P StiB 3 

2106.96236 

L DEL A 

-, 02496764 

.. 1 OOOOOE 00 

L'SUB B 

*.014)6 

L DEL AG 

-2.20366476 

.OO0000E-80 

L» » DOT 

.00000 

L DEL RG 

-.01222307 

.000000E.80 

L* SUB P 

.00000 

N SUB B 

,00000600 

.OOOOOOE-83 

L» SUB R 

-.09211 

N B dot 

•OOOOO66O 

•OOOOOOE.BO 

L»T)K A 

-.03123 

N SUB P 

,00000000 

•OOOOOOE.BO 

L • DFL AO 

.2.72362 

N SUB R 

-.02691910 

-• 1GOOOOE 01 

L • DEL §6 

•2*61692 

N DEL A 

,00061609 

. 860000E.03 

! Y 

366900OQO. OOOqO 
30400000. 00000 

N DEL 46 

,01661453 

• OOOOOOE-BO 

I XI 

N DEL RG 

•1.44715166 

.OOOOOOE.BO 

1 77 

360600000. OOOOO 

N * SUB B 

-,00167343 


1 X 

30399999.99976 

N*B DOT 

.00000600 


I 1 

360799999.99609 

N * SUB P 

.00000600 


1 XT 

46999999,99976 

N * SUB R 

-.03370774 


I *7/1 Z 

.13027 

N • DEL A 

-.00465601 


IXE/IX 

1.54665 

N’DEL A 6 

-, 33616107 


THRUST 2 

43919.17818 

N • DEL RG 

•1.81410650 


THRUST T 
OMEGA SQ 

52OO06O.OOO60 

.02731 

X U/Ul 

-.00069608 

..500000E.01 

2 ZrT OM 

.02024 

X SUB W 

-, 1)0020244 

- . 290000E-0 1 

T SUB A 

49.39661 

X W DOT 

,00000600 

.OOOOOOE-BO 

oh£ia a 

.16526 

X O/Ul 

,00000600 

.OOOOOOE.BO 

zeta a 

.06125 

X DEI/IJ1 

,06060600 

•OOOOOOE-BO 

Y SUB B 

-.40192 

X DEO/Ul 

.00000600 

.OOOOOOE-BO 

Y B DOT 

.OOOOO 

Z U/Ul 

•00000000 

.OOOOOOE-BO 

Y SilB P 

.00000 

Z SUB W 

-.02024430 

-.290000E 01 

Y SUB R 

,00000 

Z W DOT 

,66060600 

.OOOOOOE-BO 

Y DEL A 1 

•OOOOO 

Z Q/Ul 

.06060660 

. 000000 E-BO 

Y DEI *0 

.OOOQO 

Z DEI/U1 

,00060600 

.OOOOOOE-BO 

Y D?L « 

.00060 

Z DEO/Ul 

.OOOOOnOO 

* OOOOOOE-BO 

X SilB U 

-.06729 

M SUB U 

-.00152942 

-.280000E-01 

X SUB A 

-.01266 

M SUB AL 

-,02731113 

-, 100000E 01 

X A DOT 

.OQOqO 

m al dot 

.OQOlJOqOO 

,06000000 

.OOOOOOE.BO 

X SilB 6 

.00000 

M SUB a 

•OOOOOOE.BO 

X DgL C! 

.00000 

M DEL El 

,06060600 

•OOOOOOE-BO 

X DEL CO 

•OOOOO 

mdel eo 

.06000600 

•OOOOOOE.BO 


L*T DEN 34* -iT9$602 S3* *.032046 S2* .001323 Si* -.003919 SO* -.000199 

( -.62672* .00000) ( *.20349* ,00000) < .09904. ,16623)1 .09904* .,16623) 

LON DgN 96* 1;006000 $3* .020322 32* .027313 51* -.600046 SO* .000001 

( .00044. .Of § 49 ) ( .00066* **60969)< -.01102. .16491) ( -.01102* *. 16491) 

(4- ■sec') 
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Table B4. (Continued) 


ri T CON 12 


ALTITUDE 

1160.00000 

Y SllB V 

-.02100924 

-.920000E OC 

MACH 

. 16000 

N* SUB V 

-.00011625 

.O00600E-80 

netoht 

3321999.99996 

L • SUB V 

-.00074967 

.030000E-6C 

c . s . 

•ooodo 

Y R/Ui 

.odobodoo 

•OOOOOOE- 6 O 

ALPHA 7 

-.45637 

Y DAl/Ul 

. .00000660 

.OOOOOOE- 8 O 

Dgi' E 7 

.52327 

1X2 UNTr 

45000000, 00000600 

.OOOOOOE- 6 O 

CAS 

196.76396 

Y DR /U1 

.00060000 

• OOOOOOE-SO 

VELOCITY 

200.22464 

L SUB « 

-.11534415 

-.460000E-01 

CAS 

196.69605 

L B DOT 

•oOOdodoo 

•000000E-80 

Dyn ores 

46.02146 

L SUB P 

.00060600 

.OOOOOOE- 6 O 

0 SUB C 

46,39544 

L SUB R 

,06000660 

• O00000E-60 

o SUB S 

2027. 5680*7 

L DEL A 

-.25074815 

-. 100000E 00 

L • SllB B 

-.15014 

L DEL AG 

•2.22562079 

.OOOOOOE- 6 O 

L* B D07 

> 000O0 

L DEL RG 

-.01361193 

• OOOOOOE-SO 

L • §UB P 

•ooodo 

N SUB B 

-.00371476 

-• 1 7OO00E-0 1 

L* SUB R 

•>16210 

N B DOT 

.dOOOodoo 

•OOOOUOE-60 

L»BlL A 

>.31110 

N SUB P 

•00000600 

.OOOOOOE-60 

l*dpl AO 

.2,72646 

N sue R 

-, 08730798 

•• 1 OOOOOE 01 

L*DPL RO 

-2,76404 

N DEL 4 

•00016170 

•740000E-03 

I Y 

350900000. 00000 

N DEL AG 

.02032870 

, OOOOOOE-SO 

1 XI 

30100000. ooodo 

N DEL RG 

-1.49039696 

• OOOOOOE-OO 

I 27 

345400000. 00000 

N* SUB B 

-.0232T560 


I 1 

30099999.99976 

N*B DOT 

,06060600 


I 7 

345399999.99609 

N • SUB P 

*00000600 


! 17 

44999999.99976 

N 1 SUB R 

-.10642699 


1X2/12 

.130*6 

N‘DEL A 

-.04036978 


IX7/I X 

1.49502 

N*DEL AG 

- .33466774 


THRUST 2 
thrust t 

47764^24629 
5230000. 00000 

N'DEL RG 

-1.65310547 


OMEOA SO 

.27230 

X U/Ul 

-.00226361 

-, 500000E -0 1 

2 2ET OM 

.06622 

X SUB W 

-.00066225 

-.290000E-01 

T SilB A 

15,10009 

X W DOT 

. OQOQOOOO 

, OOOOOOE-80 

0ME8A A 

.52183 

X Q/Ul 

iooooortoo 

•000000E-60 

ZET 4 A 

,06345 

X DEI/U1 

•06060600 

• 000000E-60 

V SUB B 

.4 >20657 

X DE0/U1 

.06000600 

.OOOOOOE-SO 

Y B DOT 

•ooodo 

Z U/Ul 

.00000600 

. 000000E-60 

Y SUB P 

.ooodo 

2 SUB W 

-, 06622476 

• • 290000E 01 

Y SUB R 

.ooodo 

2 W DOT 

.00000600 

.OOOOOOE-BO 

Y DEL A ! 

.ooodo 

2 Q/Ul 

.00000000 

• 000000E-60 

Y DEL AO 

>ooodo 

2 DEI/U1 

>00060600 

.O00000E-60 

Y DEL R 

.ooodo 

2 DEO/Ul 

•00060600 

•OOOOOOE-80 

X SiJB U 

..91447 

M SUB U 

•>01386442 

-. 280000E-0 1 

X SllB A 

-.13260 

M SUB AL 

-.27230435 

-.960000E 00 

X A DOT 

.ooodo 

M AL DOT 

>00000600 

.000000E-80 

X SllB Q 

•OOOQO 

M SUB Q 

.06060000 

•OOOOOOE-SO 

X DEL 1! 

>00000 

H DEL El 

>00060000 

•OOOOOOE-SO 

X D?L EO 

.ooodo 

MDEL EO 

.00060600 

.OOOOOOE-SO 


LAT OCN S4* .,805224 S3* .1104225 S2« .016906 Sl> ..019444 S0» -.001620 

( .>07715* .00000) ( >14613* .23307) ( .146131 -.23307) ( -.34458. .00000) 

LON OCN 94* 1.000000 S3* .067047 S2* .272359 Sl> -.OO 0686 SO* .000030 

( .OOltf, .01050)1 .00127, ..01050) ( ..03480, .52078) < -.03480, -.52078) 

(^\~L sec) 
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Table B4. (Continued) 


FI T CON 24 


ALTITUDE 

4950.0001)0 

Y SUB V 

MACH 

.39000 

N* Slip V 

WEIGHT 

3l«3999.99998 

L' SOB V 

C.Gl 

• ooono 

Y R/Ul 

ALPHA T 

-2.00535 

Y OAl/l'l 

Dti C T 

1.14743 

IXZ U k 'Tr 

EAS 

397.70439 

Y DR/LI 

VELOCITY 

428.11476 

L SUB R 

CAS 

399.07337 

l B OCT 

dyn pres 

187.97588 

l SUB P 

Q SIIB C 

195.23279 

L SUB R 

P Sl/B 5 

1764.08752 

L DEL A 

L * SilB B 

-.63231 

L DEL AG 

L' R DOT 

•ooono 

L DEL »G 

L • SUB P 

.00060 

N SUB B 

L* SUB R 

-.36976 

N B DOT 

L*n?L A 

-1.27233 

N SUB P 

L'DFL AG 

-2.68762 

N SUB P 

L'DFL RG 

-2.77956 

N DEL A 

I Y 

335600000. 00000 

N DEL Ag 

I XX 

29B00OO0 . OOOoO 

N DEL RG 

1 27 

330400000. COOoO 

N'SUB 8 

I X 

29799999.99976 

N*B DOT 

I 7 

330399999.996n9 

N • SUB P 

I X 7 

42999999.99976 

N'SUB R 

I X7/IZ 

.13015 

N ' DEL A 

IX2/IX 

1.44295 

N'DEL ag 

thrust i 
thrust t 

106933.63330 

5340000.00060 

N • DEL RG 

OMFGA SQ 

1.09026 

X U/U) 

2 7FT OM 

.13191 

X SUB w 

T SllB A 

7.58099 

X W DOT 

OMFGA A 

1.04413 

X Q/Ul 

ZETA A 

.06317 

X DE I /Ml 

Y SllB B 

-17.91329 

X DE0/U1 

Y P DOT 

.OOOoO 

Z U/Ui 

Y SllB P 

•OOOoO 

Z SUB W 

Y SllB R 

.00060 

Z W DOT 

Y DEL AI 

• 00060 

Z Q/Ul 

Y nri AO 

.00060 

Z DEI /Hi 

Y DFL R 

.00060 

Z DEO/Ul 

X SUB U 

-4.67333 

M SUB H 

X SllB A 

-3.69463 

1 SUB At 

X A DOT 

• OOOoO 

M AL DO T 

X SllB Q 

•OOOOO 

M SUB 0 

X TIFL El 

•OOOoO 

M DEL FI 

X DFL EO 

.OOOoO 

HDEL EO 


-.04184694 

-• 920000E 00 

-.00025324 

.OOCOCOE- 8 O 

-.00147697 

•ooooooE-ao 

•00000600 

•OOOOOOE-80 

•ooooonoo 

* OO OQCDE-80 

43000600 . oooooono 

.OOOOOOE-80 

.00000600 

.oocoooE-eo 

-.47386914 

460000E-01 

.00000600 

.OOOOOOE-80 

.60000600 

.cooocoE-eo 

•00000600 

. OOOOOOE-80 

-1.03449814 

••100CCCE 00 

-2.24787129 

.ooooooE-eo 

-.030908)0 

.O00OCCE-80 

-.02612846 

-.292C00E-01 

.60000600 

.oococoE-eo 

•OOOOOnOO 

.oooocor-8o 

-.17435853 

-.'O'-CCCE 01 

.00C65314 

.7crD0t-E-03 

.04502356 

.ooooooE-en 

-1.54313807 

.OOO000E-60 

-.10841773 


.00000600 


• 00000600 


-.2146P897 


-.16496041 


-.30473782 


-1.90488214 


-.00545830 

-.60000CE-0 1 

-.00969716 

-.2O0O00E 00 

•00000000 

.OOOOOOE- 81 ) 

•00000600 

•000000E-80 

•ooooonoo 

• OOOOOOE-BO 

• ooooonoo 

• OO0000E-80 

.00727773 

.80 OOGOE-Ol 

-.13190884 

-.290000E 01 

.ooooon'oo 

.OOOOOOE-8Q 

•ooooonoo 

• O00000E-80 

.00000600 

• OOOOOOE-80 

•06000000 

•COOOOOE-80 

-.06541844 

-.270O00E-01 

-1.09025731 

-.900000E 00 

•OOOOOnOO 

.OOOOOOE-Bo 

.00000600 

.OOOOOOE-80 

•00000600 

•ooooooE-eo 

.06000000 

• OOOOOOE-SO 


LAT DEM S 4» ..812206 S3» -.208344 s2* .080761 $1» -.038627 S0= -.006240 

< -.*2406. .00000) ( .20827 . .26350) ( . 2 C 8 27 . -.26350) < -.54900. ,00000) 


LOn Den 54« 
f -0037 1 • . 


1.000000 S3« 1136166 S2« 1,0*0843 $1* -.tf0 6 793 SO- . 

00299) ( *00311. -.00299) ( -107120. 1.04242) ( -.07120, 


000020 

-1.04242) 


( Z4- ito) 
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r* 


! able B4. (Continued) 


Fit CON 32 


ALTITUDE 

9050. 070,10 

Y SU9 V 

-.050961 74 

-.860000E 00 

H*CH 

> scoria 

N' 5 !, g V 

-.00034728 

.OUOOOOE-8C 

WEIGHT 

304859 = . 

l* sue v 

-.00046266 

• OOOOOOE-OO 

c ; g : 

e *070 

Y R/Ul 

.06000600 

• OOOOOOE-SO 

ALPHA T 

-.*•755 

Y DAl/l'l 

.00000(500 

.OOOOOOE-OO 

del e t 

-.C91T7 

i x r untr 

41000 *00. 00000(500 

•OOOOOOE-OO 

eas 

528.30266 

Y DR/U1 

•oooooririo 

• OOOOOOE -60 

velocity 

605.69312 

L SUB B 

.06000000 

•OOOOOOE-60 

CAS 

534,09128 

L B DOT 

.00000600 

. OOOOOOE-SO 

dyn pres 

331.-3082 

L SUB P 

.00060600 

. 000000E-60 

Q SiiB C 

358.32804 

L SUB R 

.06000600 

.0000P0E-60 

p SUB S 

1509.79401 

L DEL A 

-1.64403166 

-• lOOOQOE 00 

L • SllB B 

-. ’9234 

L DEL AG 

-2.27116353 

^ooooooE-ao 

L* n DOT 

.aocoa 

L DEL RG 

.00256265 

, OOOOOOE-80 

L • SUB P 

.ooorio 

N SUB P 

-.17236671 

- . 1 OOOOOE 00 

L • SUB R 

-.33613 

N 9 DpT 

*00000600 

.OOOOOOE-SO 

L • DEL A 

-2.24890 

N SUB P 

.00000600 

•OOOOOOE-60 

L'PEL AG 

-2.77778 

N SUB 9 

-.22766210 

-. 100000E 01 

L'npl RG 

-2.73171 

N DEL A 

,00106591 

.630000E-03 

1 Y 

320500000. OOOriO 

N DEL AG 

-.00363767 

.OOOOOOE-OO 

! XX 

29500000. GOCCO 

N DEL RG 

.1.61247843 

.O00000E-60 

I 77 

315600000. OOOO'O 

N * SllB 9 

-.21034559 


I X 

29499999.99976 

n'b dpt 

.00000600 


I 7 

315599999. 9960*9 

N • SUB P 

.00000000 


I XT 

40999999.«9976 

N'Slj? » 

-.27762463 


IX7/IZ 

,l?99l 

N'DEL a 

-,29101954 


lXZ/IX 

1.36983 

N'DEL ag 

-,36450269 


thrust z 

-67)3.03366 

N'DEL »G 

-1.96735870 


THPIIST t 
OMEGA SO 

54 40000. ooorio 

1.99212 

X U/Ul 

-.00829935 

-.700000E-01 

2 7r T OM 

.17192 

X SUP w 

•» 00343* 30 

-.580000E-01 

T SllB A 

5.61682 

x w Dot 

.00000000 

.ooooooe^bc 

omega A 

1. 41142 

X Q/Ul 

,06860000 

.O0O000E-80 

ZETA A 

.06090 

X DEl/Ul 

•oooooooo 

.OOOOOOE-SO 

Y SllB B 

-30.67929 

X DE0/U1 

,06000000 

•OOOOOOE-SO 

Y * POT 

.ooorio 

7 U/Uj 

.00177*43 

. 150000E-01 

Y SllB P 

.ooorio 

7 SUB w 

-.17191517 

-.29OO00E 01 

Y SUB R 

.ocoric 

Z W DOT 

.OOPOOo'OO 

•O00000E-80 

Y PEL Al 

.ooorio 

Z Q/U 1 

.00000660 

.OOOOOOE-OO 

Y PEL AO 

.ooorio 

Z DEI/U1 

,00000600 

, UOOOOOE-60 

Y PEL R 

•ooorio 

Z DEO/Ul 

.06000600 

•OOOOOOE-OO 

X SllB U 

-10.05372 

M SUB U 

-.12067002 

-.270000E-01 

X SllB A 

-2.06256 

M SUB A L 

•1.99211696 

-.890000E 00 

X A DOT 

.OCCOO 

M AL DPT 

.06000000 

.ooooooE-ec 

X SllB Q 

.ooorio 

m SUB 0 

,00000000 

, 000000E-60 

X DEL El 

•ooorio 

M DEL El 

•00660600 

•ooooooE-ec 

X PEL EO 

.ooorio 

MDEL EO 

.00000600 

.ooooooE-eo 


L A T DEN 54" -.81944* S3" -.269*39 S2« . 1 60760 SI" -.012736 SO" .000000 

< .00000. .00000) ( .10214. .00000) ( .23017. .00000)1 -.66111. .00000) 

LON DEN S4i UOOOOOO S3" .181210 S2« 1.993716 SI" -.022348 SOa .000513 

( .00961* .01502) 1 .0056). -.01502)1 -1*9622. 1.40936)1 -.09622**1 *40938) 
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Table B4 


(Continued) 


E ! T CO! 44 


ALT17UDE 

17600.00000 

Y SUB V 

-.65626)62 

-.BOOOOOE 00 

M ACH 

.87000 

n* sue v 

-.60056733 

. OOOOOOE -80 

WEIGHT 

2912999.99997 

L' sue v 

.00664586 

.UOOOOOE-80 

C . G . 

.ooorio 

Y R/Ul 

.06000600 

.ooooooE-eo 

ALPHA T 

-.974(53 

Y DAl/Ul 

•00000600 

.ooooooE-eo 

del e t 

2.250*5 

1X2 IJPTR 

39OOO60O.OOOOO66O 

.OOOOOOE«8r, 

EAS 

669.51636 

Y DR/l'l 

.00600660 

.OOOOOOE-8O 

.VELOCITY 

910.30534 

L SUB B 

1,43976306 

• 460000E-0 1 

CAS 

719.02222 

L B dot 

,00000600 

.OOOOOOE-6O 

Dyn pres 

569.02615 

L SUB P 

.00000600 

.OOQOQOE-8O 

9 SUB C 

660.169(56 

L SUB R 

.OOOOOnOO 

•OOOOOOE-80 

P SUB S 

1065.562)7 

L DEL » 

-3.17344576 

-.100000E 00 

L • SllB B 

.76999 

L DEL AG 

.2.29275116 

.OOOCOOE-8O 

L* 6 DOT 

.00060 

L DEL PG 

-.06712096 

.OOOOOOE-80 

L* SUB P 

.000(50 

N SUB B 

-.61632602 

-.200000E 00 

L* SUB R 

-.43750 

n b dot 

,00000000 

.OUOOOOE-6O 

L * DEL A 

;3. 63951 

N SUB P 

•00000600 

. OOOOOOE-80 

L'DFL AG 

-2.62759 

N SUB R 

-.27062166 

- . 1 U 0 0 0 0 E 01 

l*DFL RG 

•2.6A063 

N DEL A 

.00175653 

•570000E-03 

I Y 

305200000. OOOQO 

N DEL AG 

.09009254 

.OOOOOOE-80 

I xit 

292000*00.00000 

N DEL PG 

•1.70813697 

. OOOOOOE -60 

I 77 

300700000. OOOoO 

N ' SllB B 

-.51646000 


I X 

29199999.99976 

N*B DOT 

•OOOOOnOO 


! 7 

300699999.99609 

N * SUB P 

,00000000 


I X 7 

38999999.99976 

N ' SllB P 

-.32756430 


1X7/12 

.12970 

N * DEL A 

-.49569897 


1 X 2/ 1 X 

1.335&2 

N • DEL AG 

-. 23069680 


THRUST 2 

220272.22443 

N’DEL PG 

-2.07657263 


THRUST t 
omega se 

5610000. OQOOO 
3.00298 

X U/U) 

••012658 P. 6 

-.900000E-&1 

2 7PT OM 

.16265 

X SUB W 

-.00794695 

-.II3000E OC 

T SllB A 

5.46696 

x w Dot 

.00000000 

•OOOOOOE-80 

omega A 

1.73291 

X Q/Ul 

• ooooon'oo 

. OOOOCOE-8O 

7ET A A 

.05276 

X DEl/Ul 

.00000600 

•OOOOOOE-8C 

V SUB B 

-51.21525 

X DE0/U1 

•06000600 

.OOOOOOE. 80 

V B DOT 

. OOOOO 

2 U/Ui 

.00745466 

.530000E-0 1 

Y SllB P 

•OOOoO 

2 SUB W 

-.16265627 

-.260000E 01 

Y SllB R 

• OOOqO 

2 W DOT 

,00000000 

.06000600 

.OOOOCOE-8C 

Y DEL A I 

•OOOoO 

2 Q/U) 

•OOOOOOE-80 

Y DEL AO 

.00060 

2 DEI/Ul 

,00000600 

, OOOOOOE-80 

Y DEL R 

.00060 

2 DEO/Ul 

•00000660 

iOOOOOOE-60 

X SllB U 

-23.04666 

M SUB U 

-.05605572 

-,70UPOOE«02 

X SUB A 

-7.23413 

M SUB AL 

•3.00298465 

-.750000E CO 

X A DOT 

.OOOoO 

M AL POT 

.00000600 

•OOUOOQE-80 

X SUB Q 

•OOOoO 

M SUB 0 

•00000600 

•OOOOOOE-8C 

X DEL El 

.OOOoO 

M DEL El 

,00000600 

.OOUOOOE-6? 

X DEL EO 

.OOOoO 

MDEL EO 

•OOOOOnOO 

.OOOOOOE -80 


LAT OCN 54» -.626774 S3* -.317337 $2b .411759 Si" .022519 S0» .013934 

-.03361 * .17211) < -.03361. -.17211) < .60006. .00000) ( -.91667 . .0000") 

LON DEN S4« UOOOOOO S3* .204677 S2> 3.667064 Sl> -.066236 SO> -.000373 

,00000)« .0272). • 60000 ) ( -. 11376*. 1.73186) ( -. 1 1 376 . - 1 . 73 1 8 a ) 

(44 sea') 
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Table B4. (Continued) 


ELT CON 
ALTITUDE 

52 

25200.00000 

Y SUB V 

-.09725918 

-• 1 36000E 01 

Mach 

1.12000 

N' SUB V 

-.Oddd6369 

.OO0000E-80 

WEIGHT 

2775o«*9. 99908 

L» SUB V 

-.00*03638 

.OOOOOOE-6O 

C.o; 

iadodo 

Y R/Ul 

iOdadodoo 

iOOOOOOE-SO 

alpha t 

•1 »3l7s0 

Y D4I/U1 

•odDOOdoo 

.000000E-80 

Ofi. E T 

7,99025 

1X2 untr 

seooddod. ooooodoo 

.OOOOOOE-6O 

CAS 

758.72474 

Y DR/U1 

*00000000 

• OOOOOOE-OO 

VCi'oCITY 

1137.41249 

L SUB 8 

•2.22062704 

•• 570000E-01 

CAS 

8*4.6*789 

L B DOT 

.oOddodoo 

.009000E-80 

DYN pres 

684.14697 

L SUB P 

•ooododoo 

ioddoodoo 

.ooooooE-eo 

Q SilB C 

9*31*7456 

L SUB R 

.OOOOOOE-8O 

P SUB S 

778.50391 

L DEL A 

-3.89583692 

-• 100000E 00 

L'SUB B 

•2.316^1 

L DEL AG 

•2.30380371 

.OOOOOOE-OO 

L* B DOT 

.OQOqo 

L. DEL *G 

-.24418367 

•OOBOOOE-90 

•6OBOOOE-01 

L» SUB P 

.08000 

•*4*2o3 

M SUB B 

.233*3200 

L* SUB R 

N B DOT 

;odoiodoo 

• 00B000E-80 

L*BEL A 

-4.7*314 

N SUB P 

•odOioddo 

;d00000E-80 

L»I)FL AO 

•2.27667 

N SUB R 

-.27621993 

.00117816 

-• 1 OOOOOE 01 

L*DEL RO 

• 310800*3 

N DEL A 

•300000E-03 

I Y 

289800000. QOOqO 

288808 qolo 6000 

N DEL AG 

•32337860 

.OOOOQOE-80 

T xii 

N CEL RG 

•167)960566 

.009000E-60 

1 77 

2*9780000. OOOdO 

N* SUB 8 

-.67243881 


t X 

287999*9,99976 

N»§ DOT 

•OOBdOddO 


1 7 

285699999.99*09 

N • SUB P 

•ooododoo 


I X 7 

37999999.99976 

N'SUB R 

•f 33901300 


t X 7/ 1 7 

.13301 

1.319*4 

N • DEL A 

-.62703560 


IX7/1I 

N'OCL AG 

.02056675 


THRUST Z 

795l05:f3509 
5720000, OOOdO 

51054*7 

N»DCL RG 

•2,14926953 


THRllST T 
OMEGA SQ 

X U/Ul 

-.02860564 

•• 200000E 00 

2 7PT OM 

.23600 

X SUB W 

-.01358768 

-. 1 90000 E 00 

T StlB A 

4,23735 

X W DOT 

.ddQQOdOO 

Joodoodoo 

•OOOOOOE- 6 O 

OMEGA A 

2.14826 

x a/ui 

.008000E-80 

7ET A A 

;85248 

X DCI/U1 

.ooododoo 

•OOOOOOE-BO 

v SilB B 

-110.6*3*0 

X DPO/Ul 

.odoOOtfoo 

•ooooooE-eo 

Y 8 DOT 

.OOOnO 

Z U/Ul 

.01573310 

. 1 10000E 00 

Y SilB P 

.ooodo 

2 SUB w 

-.23599654 

-.330000E 01 

Y SUB R 

.OOOQC 

Z W DOT 

.odododoo 

•ododo&oo 

f OOOOOOE-SO 

Y DEL A I 

•ooodo 

Z Q/Ul 

•OOOOOOE-80 

Y DEL AO 

fBdodo 

Z DEI /All 

.ooooodoo 

.OOOOOOE-6O 

v hri R 

.ooodo 

1 DE0/U1 

.odododoo 

•OOQOOOE-80 

X SUB U 

-65.07283 

M SUB U 

,14296028 

. 1 40000E-0 1 

X SUB A 

•15.45440 

M SUB Al 

•5.05466692 

••990000E 00 

X A DOT 

.000(10 

iodono 

M AL DOT 

.ooododoo 

.ooooooe-bc 

X SUB Q 

M SUB 0 

, ooododoo 

•OOOOOOE-80 

X DEL Et 

•OOOdO 

N DEL El 

,00910660 

.ooododoo 

iOOOOOOE-SO 

X n*L CO 

•ooodo 

MDCL CO 

.OOOOOOE-BO 

’ den 34* • 

.824505 S3- -.356411 S2* . 

032861 Si* -.054064 

S0« -.017365 

"24355 . .00000) 1 -.58647, 

•GOOdOl ( 

.19867. .32848) ( . 

19887» -.32848) 


LON OCN M* i;00Cf000 S3* .300073 I2i 5, *70628 Si* -.317178 SO* -.003591 

( -.00*79, .00000)1 .07X01. .00000) ( -.18115. 2*24999)1 -.18115.-2. 24955) 

( S^ sec.) 
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Table B4. (Continued) 


1 7 CON 

64 




altitude 

38300. OOOOO 

Y SUM v 

-.08138699 

-• 136000E 01 

MACH 

1.36000 

n* sue V 

-.66016907 

.OOOOOOE- 8 O 

weight 

2638999.99998 

l* sue v 

-.00148838 

.00 OOOOt-ac 

c.r,: 

.OOOOO 

Y R/Ul 

.OOOOOnOO 

• OOOOOOE- 8 O 

alpha T 

.000O0 

Y DAl/Ul 

.00OOOOO0 

. 030000E-80 

Dei E T 

3.29413 

IXZ UN Tr 

36000000. 06000600 

•OOCOOOE-BO 

EAS 

780.63472 

Y DR/lil 

.00000000 

.00C02CE-80 

VEi OCITY 

1310.01639 

L SUB B 

-1*92466476 

-.460C00E-01 

C AS 

898. 99716 

L B DOT 

.06000600 

•OOOOCGE-80 

DYN pres 

724.63848 

L SUB P 

.00000600 

iOOCOCCE-SC 

a sub c 

1123,39080 

L SUB R 

.00000600 

• 000000E-80 

p 5118 S 

423.04401 

L DEL A 

•2.09226604 

-.5G00GCE-01 

• StlB B 

•2.24067 

L DEL AG 

-2.33525693 

.COGOCCE-8C 

L» n DOT 

.00000 

L DEL RG 

-.10705983 

.000CC0E-80 

L • SUB P 

.0000*0 

N SUB B 

.04394997 

. iooco:e-oi 

L • SUB R 

-.33489 

N B DOT 

.ooooonoo 

.OOOC£CE-eO 

i.»n?L A 

• 2 .51623 

N SUB P 

•ooooonco 

■ OCOOwGi — 60 

L • nFL AG 

-2.62671 

N SUB R 

-.23272169 

-. lOOOCCt 01 

L 'DEL RG 

-2.96334 

N DEL A 

.00052740 

.1200308-03 

I v 

274100000. OOOOO 

N DEL AG 

.13536097 

.n 00000 i -80 

I XX 

28400000. OOOOO 

N DEL RG 

-1.86007367 

, OOOOCOE- 8 O 

t 71 

270400000.00000 

N • SllB B 

-.25342069 


t t 

28399999.99976 

n*b dot 

*060o0o00 


r ? 

270399999.99609 

N • $UB p 

•ooooonoo 


! X 7 

33999999,99976 

N'SIJB R 

-.27997667 


1X7/12 

.13314 

N’DfL A 

-.33447631 


1X7/1* 

1.26761 

N* DEL AG 

-.21414947 


THRUST 2 

337299,96183 

M'DEL RG 

-2.23486786 


THRUST T 

3870000.00000 




OMEGA SQ 

4.28823 

X U/Ul 

-.02639385 

-.220000E 00 

2 ZfT OH 

.16196 

X $UB W 

-, 00239944 

-.400000E-0 1 

T SllB A 

6.17428 

x w Dor 

.00000600 

.O060G0E-80 

omega A 

2.07081 

X Q/Ul 

*00000600 

•Q00000E-80 

ZfTA A 

.03911 

X 0EI/U1 

.00000600 

.ooooooE-eo 

Y 4||B B 

-123.23389 

X DE0/U1 

.OOOOOPOO 

.OOOOOCE-tiO 

Y B DOT 

•OOOoO 

Z U/Ui 

.00479888 

* 40C000E-0 1 

Y SUB P 

.00060 

Z SUB W 

-.16196226 

-.P70C00E 01 

Y SllB R 

.00060 

Z W DOT 

•ooooocco 

•O00O0CE-80 

Y DEL A I 

.00060 

Z Q/Ul 

.00030000 

•OGOOOOE- 8 O 

Y T1FL AO 

.00060 

Z DEl/l'l 

.ooooonco 

•OCOOCOE-80 

Y DFL R 

.00060 

Z DE0/U1 

•odooooco 

.OOOOC3E-80 

X SllB U 

-79.73232 

M SUB U 

,06861198 

.600C0-JE-02 

x SUB A 

-3.62511 

M SUB AL 

-4.29825849 

-.750PC0E 00 

X A DOT 

.00000 

M AL TOT 

.00030000 

.OQOCOCE-80 

X SUB Q 

.00000 

M SUB 0 

•OOOOODnO 

.OOOOOOE-80 

X. DEL El 

.OOOoO 

M DEL El 

.06330600 

.ooococE-en 

X DFL EO 

.OOOOO 

MDEL EO 

.00030600 

. 0000 00 E- so 

den S4* « 

.831236 S3* -.300335 s2« . 

193336 Si* -.039638 

S0= -.009547 

3661 . .00000) ( .25603i 

.21999) ( 

.25603. -.21999) ( -. 

73679. .00000) 


lOU J>£N 54* 1,300000 S3* .244311 52* 4,391604 SI* -.356594 SO* -,C itidiK 

i .00000) ( .06389. .00000) ( -.16265. 2.07406) ( -.16265,-2.07406) 


( (e> 4 ■sec/) 
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Table B4. (Continued) 


FI T CON 72 


altitude 

48200.000(10 

Y SIJB V 

-.06401320 

-•131000E 01 

macm 

1.94000 

n • sue v 

-,00032643 

,OGCCOOE-eO 

WEIGHT 

2902999.99996 

L' sup V 

-.00192505 

.OCOOOOE-0G 

c.c; 

. oooiio 

Y P/Ul 

ioooooooo 

;ooooooe-8o 

ALPHA T 

-.171*9 

Y DAT/IJl 

(00060000 

. O00C00E-8G 

DEL e t 

2.94026 

I xz UFTr 

34000600.00000660 

•OOOOOOE-0O 

EAS 

765.40913 

Y DR/U1 

.ooooooco 

.CCC000E-80 

VELOCITY 

1670^03977 

L SUB B 

-2.06407629 

-. 700000E-0 1 

CAS 

906.31910 

L B DCT 

,00000600 

• O00O00E-80 

DVN pres 

696.29470 

L SllB P 

.00000600 

• OOOOOOE-0O 

a SllB C 

1146.71497 

L SllB R 

.06000600 

. 000000E-60 

P SllB S 

264.07448 

L DFL A 

-1.39151134 

-•340000E-01 

L * SllB B 

-3.61666 

L DEL AG 

-2. 39027230 

• OOOOOOE-8O 

L ' B DOT 

.oooho 

L DEL PG 

-.09920232 

.O00O00E-60 

L' SUB P 

• oooiio 

N SUB B 

-.13444166 

-•300000E-01 

L* SUB R 

-.27769 

N B DCT 

(00000600 

.OOCOOOE-8O 

L * T)FL A 

.1.66134 

N SUB P 

.00000600 

.OOOOOOE-0O 

L'DFL AG 

— 2 . 6*47 3 

N SUB R 

-, 19001*56 

-• 1 OOOOOE 01 

L'DFL rg 

•2.92922 

N DEL A 

.00026968 

•6000U0E-04 

I Y 

298000000.00000 

N DEL AG 

.12310176 

.000000E-80 

t XI 

27900000. OOOftO 

N DEL PG 

-1.93140752 

.O00O00E-80 

I 77 

254600000. OOOnO 

N'SUB P 

-.61706804 


1 X 

27699999.99976 

N'B DOT 

,00000000 


I 7 

254799999. 996n“5 

N'SUB P 

. 000006c 0 


I X 7 

31999999.99976 

N'SUB P 

-.22707611 


IX7/IZ 

.13344 

N ' DEL A 

-.22141675 


I X 7/ 1 X 

1.21064 

N ' DEL AG 

-.23506310 


thrust z 
thrust t 

304602.64961 

9940000.00000 

N'DEL PG 

.2.32227627 


OMEGA SQ 

3.15173 

X U/'Jl 

-.01563681 

-. 1 60C00E 00 

2 7F T OM 

.10750 

x sub w 

-,00263871 

-.54G000E-01 

T SllB A 

9 . 30206 

x w Dot 

.OOOOOPCO 

.OOOCOOE-8P 

OHFGA A 

1.77531 

X Q/Ul 

.00000600 

.OOOOOOE-80 

7ET A A 

.03028 

X DEI/t'l 

,000006 r, 0 

.ooooooE-ec 

Y SllB B 

-120.27029 

X DEO/L'l 

.ooooooco 

•O00000E-60 

Y B DOT 

.ooono 

7 U/Ul 

.00449558 

.460C00E-01 

Y SllB P 

.OOOnO 

Z SUB « 

-.10750309 

- • 220000E 01 

V SllB R 

.oooiio 

Z W DCT 

,00000000 

.OOCOOOE-8O 

Y DEL A I 

. oooo'o 

Z Q/Ul 

.OOOOOOCO 

.OOOCOOE-00 

Y DEL AO 

,00000 

Z DEI/U1 

,00000600 

.OOOOOOE-80 

Y DFL R 

.00000 

Z DEO/Ul 

.00000600 

•OOOOOOE-00 

X SUB U 

— 50.75001 

H SUB U 

,06000000 

.OOOOOOE-80 
-1540000E 00 

X SllB A 

-4,95771 

M SUB Al 

-3. 15172678 

X A DOT 

,00000 

M AL DOT 

.ooooooco 

.OOOOOOE-80 

X SllB 0 

.000(10 

M SUB 0 

.00000600 

•OOOOOOE-80 

X DEL El 

.0001)0 

M DEL El 

.oOooonoo 

• 0C0000E-80 

X DEL EO 

.00000 

MDEL EO 

.06000000 

.OOOOOOE-80 


IAT Den S4« -,017367 S3" -.244419 s2« .604510 SI* -.051907 s 0 « -.009369 

( -.09329, .00000) ( (22936 , (00000) ( .54010*. .00000)1 -.96006. . 00000 ) 

LON DEN S4a 1,000000 S3* .166174 S2s 3.196272 Sla -,191216 S0> -.000471 

( -(00237, ,00000) ( (06264, .00000) ( -.11422. 1.77740)1 -.11422,-1.77740) 

(~1z. ser ') 
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Table B4. (Continued) 


Pi r CON 64 


altitude 

64400.00000 

Y SUB V 

-.04003334 

-, 131 CODE 01 

MACH 

2. 50060 

n* sue v 

-,00025919 

,OO0C CUE-80 

WETGH7 

0 . 6 . 

2366999.99997 

L* SUB V 

•*00148331 

.OOOr'OOE-80 

.OOOoO 

Y R/UI 

.06000600 

, OOOOOOE -80 

ALPHA T 

-.28648 

Y DAl/Ul 

• ocooodco 

.OOOOOOE-BO 

OEi' E T 

3.20919 

1X2 UNTR 

32000 '00.00000600 

• UC0000E-8C 

EA5 

666,20177 

Y DR/U1 

.06000000 

, O00qo0E»80 

VELOCITY 

2421.18011 

L SUB 8 

•2,83845891 

-• 900000E-0 1 

C 44 

820.42647 

L B DOT 

.00000600 

.OOOOOOE-80 

DYN PRES 

530.63333 

L SUB P 

.06000600 

.OOOOOOE-BO 

Q SilB C 

913.00660 

L SUB R 

,06000600 

.OOOOOOE-6C 

2 SUB S 

121.19309 

L DEL A 

-.73049503 

-.23UC;00E-0 l 

1 * 81)8 B 

-3.39136 

L DEL AG 

-2.44142682 

.0C0000E-8O 

L* B DOT 

.OOOoO 

L DEL RG 

-.11136606 

• OOOPOOE-8C 

L* SUB P 

.OOOoO 

N SUB B 

-.14369136 

-.4CC000E-Q 1 

L* SUB R 

•*16688 

N B dot 

,06000600 

.OOOOOOE-8C 

L * DFL A 

-.66386 

N SUB P 

.06000660 

.ocoecci -80 

L * D F L AG 

-2.70526 

N SUB R 

-,12031260 

1 OOOuOE 0) 

L * DFL R6 

•2.86237 

N DEL A 

*0002)884 

.6COCOO:-04 

! Y 

241300000, OOOOO 

N DEL AG 

• 13668938 

.00tC00E-80 

! X* 

27400000.00000 

N DEL RG 

•1*98610553 

.OOOOOOE-80 

I 27 

236600000. OOOoO 

N * SUB 6 

-.62754948 


1 X 

27399999.99976 

N*B DOT 

,00000600 


1 2 

238599999.99663 

N • Sl)B P 

.00000600 


I XT 

31999999.99976 

N ' SUB P 

-.14289433 


1X2/12 

,13412 

N * DEL A 

-,11390662 


IX2/IX 

1.16786 

N*DEL Ar, 

-,22393136 


THRUST 2 

335889,76946 

N’DEL Pfi 

•2.37267639 


THRUST t 

omega sq 

6000000. OOOoO 
1 .80729 

X U/U 1 

-.00916794 

15000CE 00 

2 2FT OM 

.05501 

X SUB W 

-.00177247 

-.580000E-01 

T SUB A 

16.17939 

X W DOT 

.00000000 

.OOOOOOE-80 

uMFGA A 

1.34436 

X Q/U) 

•OOOOO 60 O 

. 000000E-8C 

2ETA A 

.02046 

X DEl/l’l 

•ooooonco 

.00000QE-8C 

V SilB B 

.96.92793 

X DE0/U1 

, OOOOOnOO 

.OOOOOOE-80 

v B DOT 

.OOOOO 

2 U/Ul 

.00293374 

.480000E-01 

Y SilB P 

.OOOOO 

2 SUB V 

-,"3560764 

-.180000E 0) 

V SUB R 

•OOOOO 

2 W DCT 

-onoooooo 

.ooooooE-eo 

V DEL A I 

.OOO^O 

2 Q/Ul 

.06060600 

.OCOOOCE-SO 

Y DFL AO 

.ooooo 

2 DEI / U 1 

*06000600 

• OOOOOOE-BO 

y del r 

.00060 

2 DE0/U1 

.06000600 

.OLOOOOE-CO 

). SUB U 

• 44.39447 

M SUB II 

-.01902413 

-. 2OU0U0E-02 

x sub a 

-4.29147 

M SUB AL 

-1.80729378 

-.38GO0OE 00 

x a dot 

iooodo 

M AL COT 

.OOOOOOCO 

.00U000E-8n 

x sub a 

•OOOOO 

M SUB Q 

,00000000 

. OCUOOO E-80 

X DEL El 

.OOOoO 

M DEL E! 

,00000600 

.OoOdOuE-BO 

X DFL EO 

.OOOOO 

MDEL EO 

,06000600 

•0000CCE-5C 


AT DPn 54* -.643369 S3* -.154273 s2* .524431 Sl» -.04028) SO* -. 004501 .. 

>•06241. .00000) ( .14736* .00000) ( .64534;, .00000)1 -.91363* - 0 0 0 0 n ) 

ON dpn Mi liOOOOOO S3* .100847 S2* 1.669828 Si* -. 083563 SO* -.000141 

>•00164* .00000) ( .04763. .00000) ( -.07342'. 1.34583) ( -.07342.-1.34503) 

( 84 CCc.} 
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Table B4 


(Continued) 


Fi T CON 

93 




altitude 

77700.00000 

Y SMB V 

-, 02443*48 

•• 1 19000E 01 

MACH 

3.000(10 

N* SUf V 

-*00019366 

•OOCCOOE-60 

weight 

2229999.99997 

L' SUB V 

-.00096673 

.OCOCOOE-60 

c.s; 

.oooo‘o 

Y R/Uj 

.dOodoiioo 

. OOOOOOE- 6 O 

ALPHA T 

-.97403 

Y DA I /Ml 

•OdOOOdCO 

.OOOOOOE-SQ 

DCi' E T 

3.80692 

1X2 UFTR 

26000600. O 6 OOO 6 CO 

• OOOOOOE- 6 O 

CAS 

562.42487 

Y DR/U1 

.OOOOOCCO 

•OCCGOOE-00 

VELOCITY 

2905.41614 

L SUP P 

-2.22030329 

-• 9C0000E-0 1 

CAS 

732.17047 

L B DOT 

.00060600 

•OOOOOOE-0O 

OVN EKES 

403.14450 

l SUB P 

.00000600 

.OCOOOOE-80 

a sub c 

707.93570 

L SUB R 

.00000660 

•000000E-60 

P SllB S 

63. 9i|l(i7 

L DFL A 

-, 56741664 

- . 2 3000CE-0 1 

L • SllB B 

.2.60676 

L DEL AS 

.2.49*46364 

• OOCOOOE- 8 O 

L* n DOT 

.00000 

l DEL »G 

-.13766470 

.OOOCOOE-80 

L' SUB P 

.00000 

N SUB B 

•'20666690 

-.7C0000E-01 

L • SUB * 

-.09678 

N B DOT 

.00000600 

•O00000E-8C 

L * DEL * 

-.65340 

N SdB P 

.00000660 

. OGG0OOE-0 0 

l. * DEL AG 

.2.67371 

N SUB P 

-, 06207761 

•« 1 COOOOE 01 

L • DFL RG 

•2.64666 

N DEL A 

.00017805 

.60CC00E-04 

I Y 

223900oO0.0O0O0 

N DEL AG 

.16596610 

.OOGOOOE-eC 

1 XX 

26600000.00000 

N DEL RG 

•2.06916248 

. OOOOOOE-0C 

! 77 

221600000.00000 

N'SUB B 

-.56323854 


I X 

26799999.99976 

N'B DOT 

.oooooiioo 


I 7 

221799999.99629 

N'SUB p 

.00000600 


t X 7 

27999999.99976 

n*sub R 

-,09454773 


IX7/I2 

.12624 

N ' DEL A 

-.06230663 


I X 7 / I X 

1 .0*476 

N * DEL AG 

-.17154227 


ThSiisT 2 

400356.46516 

N»DEL RG 

-2,40355429 


thrust T 

6030000. 00000 




OMFfiA 3Q 

1.01246 

X U/"I 

*, 00575023 

-.140C00E 00 

2 7 FT OM 

.03266 

x sue w 

-.00164829 

-.9CGOOOE-G1 

T SUB A 

30.43356 

X W DOT 

,06000600 

• OC OCOOE-80 

omfga A 

1.00622 

X G/Ui 

.00000600 

•OcGOOOE-80 

2ETA A 

.01633 

X DEI/1'1 

;ooooo6co 

.O00000E-80 

v SMS B 

-71.00396 

X DE0/U1 

.ooooodoo 

•OOGGOOE-8C 

r s not 

.0000*0 

7 U/U) 

.00266975 

.650000E-01 

v SUB P 

.00000 

2 SUB w 

-.03285*46 

-.16LC00E 01 

Y SllB R 

• OQOQO 

2 W DC T 

.odooodqo 

.OOGGOOE-80 

T DEL *1 

.00000 

2 Q/Ul 

.000000*60 

• OCGOO0E-8O 

v nrL ao 

.00060 

2 DEI/Ul 

•ooOoonro 

.000G00E-80 

V PFL R 

.00060 

2 DE0/U1 

.00000600 

.0C0000E-8C 

X SMB U 

-33.41363 

H SUB " 

-.03894153 

-.50C000E-02 

X SllB a 

.5.37005 

M SUB Al 

-1.01247967 

-.260CG0E OG 

* A DOT 

.000O0 

m AL tPT 

.ooooooco 

.0GCt00E-8C 

X SMB 0 

•00000 

H SUB 0 

.00000600 

.OOCOOOE-8C 

X DFL El 

.00000 

M DEL FI 

,00000000 

. OCOOOOt-80 

X DFI. EO 

•OOOoO 

mdel fo 

.00000600 

• OGGGGOE-8'’ 

DFM S A* - 

.666106 S3* -.103293 S2* . 

‘•81.946 SI* -.027123 

Si's -.102C20 

'«230. .00000) ( . 10067. 

.OOOCO) ( 

• 6S576. .000001 l - 

• H’311. • 0 G r 0 (■ ) 


L A r. HfN S4« 1.Q0C0U0 S3* .067360 S?r 1.-13620 SI* -.036643 SC= -.(i:CC47 

..00l»6. .00P"P1 1 .03707 . .C0Cr r )t -.05150. 1. Or.733»l - . 1 09 1 . 0 . 73 3 ) 

(4B S^c) 


39 



Table B4. (Continued) 


Ft r CON 102 


ALTITUDE 

91800.00000 

Y SUB V 

-, 01516990 

-.115P00E 01 

Mach 

3.6oOno 

N* SUP V 

-, 06011901 

•OCOOOOE-80 

WE IfiHT 

2093999.99998 

L' SUP V 

-,00058728 

.OGDOGOE-80 

c.s: 

.00000 

Y R/U) 

,00000600 

•OOCOOOE-8O 

alpha t 

.2.23484 

Y DAI/Ill 

,00000000 

.0GOC00E-80 

Dei c t 

4.78037 

!XZ IJFTR 

25000000 ,06660000 

.O00C00E-8P 

EA$ 

500.53704 

Y DR/Ul 

,06000000 

.OCOCOOE-BG 

VELOCITY 

3557,71754 

L SUB B 

-1.66383374 

-.900D00E-01 

CAS 

641.51215 

L B DOT 

.06060000 

•OGCOOOE-80 

Dyn PRES 

297.75109 

L SUB P 

.00060600 

.oooocoE-eo 

a sub c 

530.33818 

L SUB R 

,06000600 

•000000E-60 

’ SllB S 

32.79208 

L DEL A 

-.430J13C7 

-.2’0UC'JE-01 

L • SllB B 

-2,08939 

L DEL AG 

-2.55812625 

.OCOOOOE-80 

L • 8 DOT 

.00000 

L DEL »G 

-, 17880633 

. OGCOCOE-BO 

L • SUB P 

,00060 

N SUB 6 

-,16747567 

-.7G0000E-01 

L* SUB 4 

-, 0583 s 

n b Dot 

.00000600 

•O0O0G0E-60 

l*DEL A 

— • 487 36 

N SUB P 

,00000660 

.ooooooE-eo 

L'DFL AG 

-2.666O0 

N SUB R 

-.05379B62 

-, ICOOOOE 01 

t. • DPI RG 

-2.52282 

N DEL A 

.00014J55 

.6C0C00E-04 

f Y 

205500000. OOOQO 

N DEL AG 

,21392878 

•COOOUUE-80 

1 xx 

26100000.00000 

N DEL RG 

•2.13613258 

.ooooooE-eo 

! 77 

204100000,00000 

N'SllB 6 

-,42340343 


! X 

26099999.99976 

N*B DOT 

.00060600 


I 2 

204099999.99829 

N'SUB P 

•00000000 


1 X 7 

24999999.99976 

N • SUB P 

-.06094966 


IX7/1Z 

,12249 

195785 

N * DEL A 

-•05955210 


1 X7/IX 

N’DEL AG 

-,11262687 


thrust z 
thrust t 

503352.07868 
6040000. 00000 

N'DEL RG 

-2.44715622 


OHfr.A 50 

.47004 

X U/U) 

-.00342972 

-.130000E OP 

? 7FT OH 

.01715 

X SUB W 

-,0018«677 

• • 1 40000E 00 

^ SllB A 

58,31365 

X W DOT 

,06060600 

.GGG000E-80 

OMEGA A 

.68960 

X Q/Ul 

,00000000 

•OC0C00E-80 

7E T A A 

,01251 

X DE1/U1 

,00000000 

. OOOCOOE-8O 

* SUB B 

-53.97023 

X DEO/Ul 

.00000000 

.0GCC00E-8G 

B DOT 

.00000 

2 U/Ul 

,00224251 

.850000E-01 

Y SllB P 

.00060 

2 SUB w 

-.01714859 

-. 1 3000-GE 01 

V SllB R 

• OQOOO 

Z W DOT 

,00000660 

.OCQOOCE-60 

t net a i 

.00060 

2 0 /Ui 

,06000000 

•000O00E-80 

Y PEL AO, 

.00060 

2 DEI/Mi 

.OOO0OOGO 

•OOOCOOE-80 

V DEL R 

.00060 

2 DEO/Ul 

•OOOOOOOO 

. OOODOOE-8O 

X SllB U 

•24,46393 

M SUB II 

-.03133631 

-.5CGC00E-02 

X SllB A 

.6.57029 

M SUB Al 

-.47004465 

-, 150000E 09 

X A DOT 

.OOOQO 

M AL DPT 

•O60OO6CO 

.OCOGOOE-BC 

X SllB 0 

.00000 

M SUB Q 

•ooooooco 

.OOGGOOE-80 

X DfL El 

.00060 

M DEL El 

,06000600 

•OCOOOOE-80 

X DFL EO 

•ooono 

MDEL EO 

.00000000 

•OCOCO0E-8O 


. a T DEN S4* -.882673 S3* -.067189 S2« .472911 SI* -.016692 SO* -.0OU820 

-.02955. ,00000)< ,07582, ,00000) ( .58558'. .00000) ( -.70797, .01)000) 

. i)H 0£N 34* liOOOOOO S3* .04J843 52* .470483 SI* -.012637 SO* -.0000 1 7 

■>.00124, .00000)1 .02842, .60000) ( .103431. .68644)1 -.03451, -,6b644) 

(\0'L 'i.ZJC ) 
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Table B4. (Continued) 


ELT CON 113 


ALTITUDE 

110000.00060 

Y SUB V 


-.00773*46 

-.1C7000E 01 

MACH 

4.36060 

N' SUP V 


•*00006270 

•OGOOOOE-60 

WEIGHT 

1997999,99998 

L' sue V 


-,00030228 

. O00O00E-80 

0.6. 

.00060 

Y R/U) 


.000(50600 

I 0 OCOOOE- 8 C 

Alpha t 

•4,01070 

Y DAl/Ul 


.06000600 

.ocooooE-er 

Dei e t 

9.8916$ 

IXZ LJB'TR 

21000600*00000000 

•OCOOOOE-8C 

Eas 

398.69948 

Y DR/l I 


•OOOOOnOO 

.OOCOOOE -80 

VEi ftCJTY 

4403.44211 

L SUB B 


-1.10192225 

-.9COOOOE-01 

CAS 

920.99342 

l b dpt 


.00000600 

.oocoooE-ec 

DVN POES 

1A8.S7963 

L SUB P 


,00000600 

•OOOOOOE-BO 

a sub c 

339.68921 

L SUB R 


.O0O0O6CO 

.OCOOOOE -80 

p SUB S 

14.58038 

L DEL A 


-.28160235 

-.230000E-01 

t * S II B B 

•1.33168 

L DEL AG 


•2.63535099 

.0C0C00E-80 

L' B DOT 

. OOOoO 

L DEL RG 


-.22088328 

.ocooooE-eo 

L • SUB B 

.OOO 60 

N SUB B 


-.12530849 

-•750000E-01 

L' SUB * 

-.02781 

N 6 DCT 


•06000600 

. OGOOOOE-60 

L'DPL A 

-.3)073 

N SUB P 


,06000600 

.000000E-80 

L • DEL AG 

-2.66992 

N SUB R 


-.03035407 

-.1G0000E Cl 

L'DPL RG 

.2.26894 

N DEL A 


.00010625 

.6C0000E-04 

I Y 

186100000. OOOoO 

N DEL AG 


.26077045 

-2.23224714 

-,27607781 

.OOOOOnOO 

,00000600 

-.03350403 

-,03509611 

-,04164726 

-2.49151180 

.0C0000E-8C 

I XV 
I 77 
I X 
I 7 
I X 7 
IX7/IZ 
1*7X1* 

thrust 7 
thrust t 

25300000. OOOOO 
169400000. OOOOO 

29299999.99976 
189399999,99854 

20999999.99976 
.11327 
.63004 

595744.62007 

6090000,00060 

N DEL RG 
N'SUB B 
N'B DOT 
N'SUB p 
N'SUB p 
N * DEL A 
N' DEL AG 
N 'DEL RG 


1 OGOOOOE-60 

OMEGA SO 

.17560 

X U/Ul 


-.00187989 

-.130000E 00 

2 7ET OM 

.00795 

X SUB W 


-,00130)46 

-.leonooE 00 

T SUB A 

125.73247 

X W DOT 


,00000000 

•OCGOOOE- 8 O 

0HE6A A 

.41965 

X Q/Ul 


,00000600 

.OOOOOOE-BO 

7ETA A 

100949 

X DEI/U1 


;060006CQ 

.OC0000E-80 

Y SUB B 

•34.06716 

X DE0/U1 


.ooooonoo 

.coooccE-eo 

Y B DOT 

.OOOoO 

Z U/Ul 


*00144607 

• UOOOOE 00 

Y SUB P 

.0000*0 

Z SliB w 


-.00795340 

-.lionccE oj 

Y SUB R 

.OOOOO 

Z W DOT 


.oOOOOncO 

•0CUG00E-8G 

Y DEL A I 

.00060 

Z Q/Ul 


•oOOoogco 

•OGOOOOE-80 

Y DEL AO 

.00000 

Z DEI/Ul 


•OOOOOOCO 

•000000E-80 

Y DEL R 

• 000l$0 

Z DE0/U1 


.ooooonoo 

•OCOOOOE. 8 O 

X SUB U 

— 1 6 . 5560Q 

M SUB II 


-.03"73C75 

-•7GC0C0E-02 

X SUB A 

-5.73092 

M SUB A 


-, 17560426 

-.flCOOOOE-0) 

X A DOT 

•OOOOO 

M AL TOT 


.ooooonoo 

,00000600 

.O 6 OOO 60 O 

.OOOOOGE-80 

X SUB Q 

.OOOOO 

M SUB 0 


.OOOOOOE-8P 

X DfL El 

.00000 

M DEL El 


•OCOOOOE-en 

X DEL EO 

,00000 

MDCL EO 


•06000600 

.ooooooE-8n 

Den S4s - 

.995983 S 3a -.037363 $2s . 

£49887 

S la -.008818 

SOs -.000245 

11827. .00000) < ,09433. 

.00000) ( 

.484351 

,00060) ( -, 

56165. .OCCOo) 


LON S4> 1.000000 $3» .024110 S2« .175741 Sl« -,(503977 SOa -.000000 

( -.0000*. .00000) < .02297. .00000) ( -.02331*. ,41902) ( -.02331 . -.41962) 

( W*> CCjC_") 
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Table B4. (Continued) 


-i.T CON 121 


ALTITUDE 

1 27000. OOOtlO 

Y SUB V 

-.004299?B 

-.ILUliOOE 01 

>ACH 

5.00000 

N' SUf, V 

-,d0'002f 77 

.01 OOCJ"E-61 

'* '£ 1 1» H T 

1827999.99998 

L* SUP. V 

-.00013743 

.OC0G0GE-80 


.OOOnO 

Y R/Ul 

.oOoooo'oo 

.OCOCiOOE-80 

ALPHA T 

•4.01070 

Y DaI/L'1 

,00000000 

.0CO0U0E-80 

del e t 

4.38362 

1 X z lU'TR 17000000. 06000000 

.Ot OOOOE-80 

£ AS 

325.31585 

Y DR/t.l 

, OOOOORCO 

.ot ooouE-sn 

VELOCITY 

5262.009)1 

L SUB B 

-, 63143754 

-.750000E-01 

CAS 

429.73996 

L B DPT 

.OOOOOO'OO 

.OCUnOOE-80 

BYN pres 

125.77414 

L SUB P 

.OGOOOOCO 

.OtOOCUE-8P 

A SllB C 

227.53645 

L SUB R 

.odoooooo 

.ot ooooE-ec 

> SllB S 

7.18076 

L DEL A 

-, 19364(165 

-.230000E-01 

L'SIJB B 

-.72590 

L DEL AG 

-2.72669393 

.UtbOQOE-80 

L» B DOT 

, 000O0 

L DEL RG 

• -, 17935769 

.ocooooE-eo 

L • SUB P 

.OOOnO 

N SUB B 

-.06198005 

-.500000E-01 

l* SUB R 

-*01402 

N B POT 

*00000000 

•OCOCOOE-80 

«.*pel a 

-.20636 

N SUB P 

*00000600 

.ooouoor-8o 

1 'DPI. AG 

•2.77663 

N SUB P 

-.01877469 

-.100000E 01 

L * BEL R6 

•1.94033 

N DEL A 

,00007438 

.6f OOOOE-04 

! Y 

166200000. OOOljO 

N DEL AG 

.20902351 

.nc.GnjOE-8G 

! XX 

24500000.00000 

N DEL RG 

.2.33970585 

.ncoGOOE-eo 

I 7 7 

166400000. ododo 

N»SUB B 

•*13614677 


’ X 

24499999.99976 

N*B DOT 

.OOOOUOOO 


- 7 

166399999.99676 

N 1 SllB P 

,00000000 


i X 7 

16999999.99976 

N'SUB » 

-.02020715 


:n/\i 

.102)6 

n*del a 

-,02121236 


■xT/n 

.69366 

N'DEl AG 

-.07485)10 


T HRl)ST 2 

456603.61414 

N'DEL RG 

-2.53794162 


thrust t 

6000000. ooode 




omfga sq 

.09620 

X U/Ul 

-.00111761 

-.130000E 01 

? 7rT DM 

.00430 

I SUB w 

-.00069489 

-.150000- 01 

T SllB A 

232.5970*6 

x w dot 

.00000000 

. 0 0 0 0 0 0 E - 6 0 

OMEGA A 

*31337 

X Q/U) 

,00000600 

. OC0000E-80 

:eta a 

.00686 

X DEt/Ul 

•oooooooo 

.ococooE-er 

siiB b 

•22.70684 

X DE0/U1 

•00000600 

.UCOOOOE-80 

’■ B DOT 

• OOOnO 

2 U/U) 

,00068788 

.8COP0OE-O1 

Y SllB P 

.00000 

2 SUB W 

-.00429928 

-. 1 GOCOOE 01 

V SllB R 

.ooono 

2 w dot 

.ooooon'io 

.ocurooE-eo 

Y DEL A I 

•ooodo 

2 Q/U i 

•OOOOOOOO 

.OCiCCCOE-80 

V PEL AO 

* ooono 

2 DEI/"1 

,0 0000000 

.OCOOOOE-8C 

Y PEI. R 

•ooono 

2 DEO/Dl 

.06000000 

.GOCgOOE-8.1 

X SllB U 

•11.60860 

M SUB U 

-.02291767 

- . 7 i, n 0 0 0 E - 0 ? 

> SllB A 

•3*40633 

M SUB AL 

-.09320)45 

-.fcoOf 00E-01 

X A DOT 

• oooqo 

M AL TOT 

.ooooonco 

.ooccooE-ec 

X SllB Q 

.ooono 

H SUB 0 

.ooooonco 

.UG0C00E-80 

X DEL El 

.oooqo 

M DEL El 

,00000000 

.000G00E-8C 

X DEL EO 

.ooono 

MDEL EO 

,00000000 

.00 OC00E-80 

OEN 54* • 

,92911 1 S3« -.022769 $2* . 1264(19 

Si* -.0041 12 

SO 3 -.CCC072 

0 1 H f, ♦ *00000) ( • 04&04 « 

.00000) ( .33762. 

, 00000) 1 . i 

3955?, .OUOOU) 

DEN 54* 1 

.000000 S3s .015477 S2* ,098252 

51* -.001870 

SO* . U C 0 0 0 1 

0 1 634* >00000) ( >00059* 

•00000) ( -.01720. 

.31400) ( 

0 1 72 u . -.31401) 


Stc.) 


42 



Table B4. (Continued) 


fi t CON 13? 


altitude 

143000.00000 

Y SllR V 

-.002917 o 3 

-«ll'7i;uOE 0 1 

M ACM 

5 . 700li0 

N* SUf, V 

-.0000) ??7 

.OCOOOOE-8C 

WEIGHT 

1704999.99998 

i' sup v 

-.00006307 

• OC U000E-8 0 

C . G . 

. 0 0 o no 

Y 9/U] 

,00000000 

• CCOoOOE-80 

alpha t 

-4.58366 

Y DAl/lll 

.00000000 

-OGl)f>0ClE-8O 

del e t 

5.63309 

IXZ UPTr 

I40oonoo. odooodno 

.OCOOOOE-8P 

EAS 

270.03372 

Y DP/U1 

.00000000 

. OGOC00E-8G 

vEi ocity 

6190.00019 

L SllP P 

-.34530232 

-.5700G0E-01 

C A 6 

360.42431 

L B POT 

.06060000 

•0t0D00E-8d 

DYN PRES 

07.175)7 

L SllB P 

.ooooodoo 

. CGOGOOE-80 

Q 8118 C 

138.31828 

L SUP R 

,00000000 

•0C0000E-80 

P SllB 5 

3.82969 

L DEL A 

-. 13933751 

-•230000E-0 1 

L • StlB B 

-.39037 

L DEL AG 

-2.82526937 

. OCOOOOE-80 

L* n DOT 

.00000 

L DEL »G 

-.21437138 

.OGOOOOE-8d 

L * SUB P 

.ooodo 

N SUP R 

-.03804900 

-.4GOOOOE-CI1 

L* SUB R 

-.00709 

N B TOT 

.ddooodoo 

.OCOCOOE-80 

L • DPI. A 

-.14763 

N SllR P 

.ooooorioo 

. OOOuGOE -80 

L'PEL AO 

-2.61898 

N SUP 0 

-.01255244 

-• 1 GOOOOE 01 

L*Pfl RG 

-1.59339 

N DEL A 

.00005027 

•600000E-04 

I Y 

146100000. OOODO 

N DEL AG 

• 278707?7 

. OOOOOOE -80 

t XX 

23600000. ooodo 

N DEL RG 

-2.17309320 

.OOOOOOE-8C 

1 77 

147200000. OOOOO 

N'SUB P 

-.07597775 


I X 

23599999. 99976 

N*B DOT 

.oOooonoo 


I 7 

147199999.99878 

N • SllP P 

•oooooooo 


I X? 

13999999.99994 

N ' SllP 0 

-.01330300 


I X 7 / 1 Z 

.09511 

N'DFL a 

-.01390235 


1 X 7/ 1 X 

.59322 

N 'DEL AG 

.01059751 


thrust z 
thrust t 

513437.03703 
8230000. OOOdO 

N * DEL RG 

-2.32463096 


omega sa 

.03871 

X U/U) 

-.00070061 

-. 1 30000E 00 

2 7FT OM 

.00273 

X SllB w 

-.00034524 

-.200000E 00 

T SUB A 

366.81 1 14 

X W DOT 

,00000000 

.OGUOOOE-0U 

OMEGA A 

.19676 

X Q/Ul 

•OOOOOOOO 

.OOOOOOE-80 

ZETA A 

.00693 

X DEl/t'l 

.ooooodoo 

.OOOOOOE-8T 

V SllB B 

-18.05643 

X DFO/II 1 

.ooooorioo 

•CGGOOOE-80 

Y B DOT 

. OOOr'o 

Z U/U) 

. 00054024 

. 10UO0CE oo 

V SUB P 

. 0 0 0 d 0 

Z SllP W 

-.00272620 

-. 1 LUOOCE 01 

Y SllR R 

• OOOriO 

Z W Pf)T 

.OOOOOdoO 

• C OOOOO E ”80 

Y DEL A I 

•OOOnO 

Z Q/Ul 

.ooooodoo 

.OOOOOOE-80 

Y DEL AO 

.ooodo 

Z DEI/Ui 

.OOOOOfinO 

.OOOOOOE-80 

Y PFL R 

•ooodo 

Z DEO/Ul 

.ooooodoo 

.OOOOOOE-80 

X SllR U 

-0.77509 

M SllB " 

-.02064757 

-.ei.ooooE-o? 

X SllR A 

-3.37503 

n SllP a l 

-.03871419 

- . 3 OOuOOE-O i 

X A DOT 

.ooodo 

H AL DOT 

.OOOOOOOO 

.OOOOOOE-0O 

X SllB Q 

•ooodo 

M SUB 0 

•ooooodoo 

•OuOOOOE-80 

X DEI. El 

.ooodo 

M DEL El 

.ooooodoo 

•OLOOOOE-80 

X PEL EO 

•OOOnO 

MDEL EP 

•ooooodoo 

.OOOOOOE-80 


LAT DEN S4* -.943380 S3* -.013305 S2s .071654 SI* -.001916 S0= -.OO0C23 
( ••00034* ,00000) < ,03632* >00000) ( .251821 .00000) ( -.2955?, .CuOOO) 

LON DEN 84* 1 . 0Q0000 S3* 1010807 S2» .138738 81* -,000989 60* .OCOOCJ 

( .00110. .00000) ( .02390* .00000)1 -.017901 .19821) t -.01790, -.19821) 

0=i2_ CElO 
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Table B4. (Continued) 


<*| f c r. N 

Ha 




At rm/DE 

164000*000 do 

Y SllB V 

.ooooorioo 

- • 1 u7000E 01 

MACH 

6.57000 

N* SUP V 

.oooourioo 

.01 UOOOE-80 

WEIGHT 

1589999.9999* 

L' SUB V 

.ooooorioo 

.OOOOOOE-80 

C • G • 

. ooorio 

Y R/U1 

.ooooorioo 

.noooooE-eo 

alpha T 

.6.30254 

Y DA ! /VI 

.oooooooo 

.Of/0n0OE-8r> 

&Ei E T 

7.46891 

ixz Uf'TR Pooorioo.oopoorino 

.OC0O0OE-8P 

E AS 

.ooodo 

Y DR/U1 

.00000000 

.O00I100E-8O 

VEi OCITY 

7?67. 666^8 

L SllP P 

,00000000 

- . 5 7 >') U 0 0 1 • 0 1 

CAS 

. OOOflO 

L B DOT 

.nOooodoo 

.OLOUOOE-So 

OYN PRES 

.00000 

l SUB P 

.odrtoonoo 

.oonnooE-8o 

Q SilB C 

.ooorio 

L SUB R 

.oooourioo 

.OPOOOOE-8C 

P 5IIP S 

.ooorio 

L DEL & 

.ooooorino 

-.230nooE-01 

L'SllB B 

.ooorio 

L DEL AG 

-2.9394A670 

.uo>)nG0E-8O 

L • B DOT 

.ooorio 

L DEL PG 

-.27T39)ri2 

.nconooE-80 

L* SUB P 

•ooorio 

N SllB P 

.ooooorioo 

. OOOOOOE-8C 

L* SUB R 

. ooorio 

N B dot 

•oooooooo 

•OOOOCOE-8C 

i. * n r l a 

.ooorio 

N SUB P 

.ooooorioo 

.OOOOOOE-80 

l. • n F L AG 

.2.86637 

N SUP p 

.ooooorioo 

- # 1 (: 0 u G 3 E 01 

»nPL RG 

.1.15231 

N DEL A 

,ooooori , '*o 

.600000E-04 

t r 

12B700000. OOOriO 

N DFL AG 

.38536344 

•OOOOOCE-89 

I XX 

2*600000. OOOdiO 

N DEL RG 

•2.115B6A1T 

.OOOOOOE-8C 

I 77 

127800000. OOOriO 

N'SUB P 

.odooonoo 


! X 

22599999.99976 

N'B DOT 

.ooooorioo 


i 7. 

127709999.99902 

N’SUB P 

,oooo n noo 


I X 7 

8099999.99995 

N*SI)P R 

•oooooooo 


IXZ/IZ 

.07042 

N ' DEL A 

•oooooooo 


IX7/I X 

.39823 

N* DEL AG 

. 1835(633 


ThriiST z 

622643.78261 

N ' DEL »G 

•2,19701259 


thrust t 

4700000. 00000 




OMEGA so 

.ooorio 

X U/Ul 

•ooooorioo 

- • 1 4 o 0 o o E or 

?. 7(7 OM 

.ooorio 

X SUP V 

.ooooorioo 

- • ? 6 0 il 0 0 E O'l 

r SllB A 

•ooorio 

x w dot 

.oorioonoo 

.OCUOOCE-an 

OMEGA A 

.ooorio 

X Q/U 1 

.oooooooo 

.OCOOOOE-80 

?*TA A 

•ooorio 

X DEI/UJ 

•oooooriro 

.oronooE-80 

• SUB B 

.ooorio 

X DE0/U1 

.ooooorioo 

. 0 1, 0 L 0 U E - 8 o 

- P DOT 

.ooorio 

Z U/I'l 

,000011000 

.HOtiOOE or. 

V SllB P 

•OOOriO 

Z SUP W 

.ooooorioo 

-.9*unocE o: 

v SllB R 

•ooorio 

Z W DOT 

,00000000 

. 0 C 0 0 0 0 E - 8 

v on a i 

•ooorio 

Z Q/U 1 

.ooooorioo 

•OOOOCOL-8^ 

v ori ao 

.ooorio 

Z DE I /U1 

,00000000 

. OOOOOt’E-SC 

y npi r 

•ooorio 

Z DEO/ii l 

•OOOOOOOO 

.000000E-80 

X SllB u 

.ooorio 

M SllP U 

.oooooooo 

-.8OOPUOF-0? 

X SUB A 

.ooorio 

M SUP AL 

•oooooooo 

. 0 ( '• 0 0 0 0 E - 8 3 

X A DOT 

•ooorio 

M Al DOT 

•oooooooo 

•OtUflGOE-Si 

X SUB Q 

.ooorio 

M SUB 0 

•ooooonoo 

. o u o n o r> e - s c 

X DEL El 

•ooorio 

M DEL Cl 

,00000000 

.OOCIOOCE-8C. 

x DEL EO 

.ooorio 

mdel EO 

•ooooorioo 

. 0 0 0 0 0 0 F - 8 0 

L’EN 54* - 

.97H56 S3* .000000 S2* .i,0«'000 

si* , o o ri o o u 

so* .oocrion 

oconri. .oooonj ( .000,03. 

-.00003)1 .00001 

. .0000!) l - 

.0000) * .001.00) 

DEN 54* 1 

.000000 S3» .000000 S2r .1)00000 

SI* .OOriOOO 

50* .OflOOoO 

OOOliri. .00000) ( .00003. 

• •00003) ( -*00001 

. -.00001 ) ( - 

.00000. . C 0 0 0 ! ' 


(\4 4 <£_/) 
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Table B4. (Continued) 


fi t Con 

153 




altitude 

170000. OOOOO 

Y SUB V 

OOl i7?63 

- . 1 0 7 0 0 0 E 01 

MACH 

7.40000 

N' SUf V 

-.00000583 

•O00O00E-8L 

NEir.HT 

1481999,99998 

L' SUp V 

-.00002665 

.OliOOOOE-flO 

c.s; 

. ooono 

Y R/U) 

.000 ooooo 

.OOOl)ObE-84 

alpha t 

•6.30254 

Y DA I /111 

•00000660 

.ouooooE-ac 

dei e t 

6.84950 

I X Z UNTr 

7ooonoo;o66oonoo 

.OOOOOQE- 8 O 

CAS 

163.69265 

Y DR /Ml 

.OOOOOotiO 

.OCOOOOE-8C 

VELOCITY 

8114,66545 

L SUB B 

-.15223652 

-.500000E-01 

CAS 

246.79174 

L B POT 

•ooooonoo 

•OOOOOOE-BO 

Dyn pres 

40.10185 

L SUB P 

.00000600 

.OOOOOOE -80 

Q SuB C 

73. 2i 194 

L SUB R 

.OOOOOOUO 

•O00000E-80 

P SMB S 

1.06564 

L DFL A 

-.07002972 

-.230000E-01 

L * SMB B 

-.16757 

L DEL AG 

- 3.67971346 

• OOOOOOE-BO 

L* 0 DOT 

.00000 

L DEL RG 

-.26017643 

.OOOOOOE-80 

L' SUB P 

.OOOOO 

N SUB B 

03646971 

- • 600000E-0 1 

L* SUB R 

00198 

n b Dpt 

,06000600 

• OOOGOO E-80 

L • PPL A 

-.07152 

N SUB p 

,00000600 

• OOOOOOE-80 

L»DFL AG 

-3.02321 

N SUB R 

-.00599239 

-. 1 (lOOOOE 01 

1. • P F 1 RG 

-.96272 

N DEL A 

,06003647 

.600000E-04 

I Y 

105200600. OOOOO 

N DEL AG 

.36993213 

.0b0000E-80 

I XX 

21*00000. OOOOO 

N DEL RG 

-2.16598883 

•OOOOOOE-80 

t 7? 

106200000. OOOOO 

N * SUB B 

-.04731670 


I X 

2)549999.99976 

NIB DOT 

.OOOOOnOO 


I 7 

108199999, 999.62 

N'SUB p 

.OOOOOOOO 


I X 7 

6999999.99997 

N • SUB R 

-,0061?672 


1X7/12 

.06470 

N'DFL A 

-.00459034 


IXT/IX 

.32407 

N ' DEL aq 

,17434536 


THRMST 7 

536677.65547 

N ' DEL RG 

-2.22956597 


THRUST t 

4800000.00000 




OHEOA SQ 

-.01164 

X U/'M 

-. 000303 1 7 

• • 1 4 O 0 OOE OD 

2 TFT OM 

.00099 

X SUB W 

- ,0002*8 1 5 

-•260DU0E Oo 

T SUB A 

1009.55997 

x w dot 

,00000000 

.uoooooe-8c 

OMFflA A 

.00060 

X a/Ui 

. 066 ooooo 

. 0 nooooE -80 

7E T A A 

.00000 

X DEI/U1 

,00000660 

.ooooooE-an 

Y SUB B 

-9.55608 

X DEO/Ul 

.ooooonoo 

.ooooooE-ac 

Y B DOT 

.00000 

7 U/M) 

,00028615 

. 130OC0E 0° 

Y SMB P 

.OOOOO 

7 SUB W 

-.00099053 

-.9UOCOOE 00 

Y SUB R 

.OOOQO 

7 w Dot 

.OOOOOOOO 

. ooioooE-an 

Y nh A I 

.00000 

7 Q/Ui 

.00000600 

.OOOOOOE-80 

Y PEL AO 

•OOOOO 

7 DCt/Ul 

•O 6 OOO 60 O 

.oooocoE-en 

Y PEL R 

.00060 

7 DEO/Ul 

•OOOOOOOO 

.000000E-80 

X SUB U 

-5.00131 

M SUB M 

-. 01463476 

-.900000E-0? 

X SUB A 

-2.32264 

M SU* Al 

.0115*21)5 

. 1 40000E-0 1 

X A DOT 

.00000 

M AL D^T 

•ooooonoo 

.OOOOOOE -80 

X SUB Q 

.00000 

M SUB C 

•ooooonoo 

. OOOOOOE-SC 

X DEL Cl 

.OOOOO 

H DEL El 

,00000000 

. OOOOOOE -80 

X PEL CO 

.00000 

MDCL eo 

.OOOOOOOO 

•OCOOOOE-8) 

DEN 54* • 

.979034 S3* -.007145 S2e . 

J46312 SI* -.000651 

S0= - . O0CU04 

11847. .00000) < -.00*27. 

•ooooo) ( 

.20612. .00000) ( - 

.22763, .009001 


LON Den S4* liOOOOOO $3* .005551 S2* -.011537 SI* -.006415 SO* .000001 

( . 001 fit .00000) < -.04306. .OOOOO) ( -.0*338'. .00060) ( . 1 1959 , , 00000 ) 


0 


r -ex.*) 
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Table 334. (Continued) 


t ! T CON 

162 




ALTITUDE 

193000.00000 

Y SUB V 

-. 0008261)9 

•• 1 U 7000 E 01 

mach 

8.40060 

N • SUR V 

-. 00000(540 

.ooonooE-flj 

Wpir.HT 

1362999.99998 

L' SUB V 

•*00001193 

i OOOOO OE - 80 

G • g , 

. OOOnO 

Y R/Ul 

.00000000 

.OOOOOOE-8C 

alpha t 

- 6.59437 

Y DAl/Ul 

,00000600 

.OOOOOOE-8C- 

DEi E T 

9.17182 

I xz UMTr 

3000000. 00000600 

• OOOUUOE -80 

EAS 

155.93156 

Y DR/IJ] 

,00000600 

« OOOOCOE -80 

VEi nciTY 

8910.69035 

L SUB B 

-*10562382 

-. 460000 E -01 

CAS 

210.02672 

t B DOT 

•oooooooo 

• OOOOOOE-SO 

DYN PRES 

26.69675 

L SUB P 

.00000600 

.OOOOCOE -80 

5 SUB C 

52.84566 

L SUB R 

*00000000 

.OOOOOOE-80 

p SuR s 

.59589 

L DEL * 

-.05291191 

-,2 3 000 UE '.01 

L • SUB B 

-.10635 

L DEL AG 

- 3.21064421 

. OOOOO (JE-8 0 

L' n DOT 

.00060 

L DEL »G 

-,36660991 

.coooooE-sr 

L • SUB P 

.00000 

N SUB B 

.OOOOOrtoO 

.OOOOOOE -80 

L • SUB R 

-.00070 

N B DOT 

*06000600 

• OOOOOOE-SO 

L'DEL A 

- . 053 1 T 

N SlJB P 

.00060600 

• OOOOOOE-86 

L * DEL AG 

. 3.15067 

N SllB R 

-,00479676 

-. 1000 COE 01 

. *dei RG 

-.70073 

N DEL A 

.00003206 

, 6 oOOOOE -04 

I Y 

64600000 , OOOnO 

N DEL AG 

,51842263 

• OOOOOOE-SO 

! XX 

20600000 . OOOOO 

H DEL RG 

- 2.27059461 

• 000000 E-80 

! 77 

68700000. 00000 

N ' SUB B 

• , 00359688 


! X 

20599999.99976 

n'b dot 

,00000600 


I 7 

86699999.99927 

N • SllB p 

.00000660 


1 XT 

2999999.99996 

N'SUB P 

-.00482050 


1 X 7 /IZ 

.03362 

N * DFL A 

-.00176622 


! X 7 / I X 

.14563 

N • DEL AG 

.41165446 


thrust z 

674243.44764 

N 'DEL RG 

• 2.29429403 


thrust t 

4230 OO 0 . 060 O 0 




OMEr.A SO 

-.02955 

X U/Ul 

-, 00021670 

-, 14000 uE O') 

2 7 PT OM 

.00066 

X SUB W 

-.00027087 

-. 35000 JE 09 

T SUB A 

1520,14608 

X W D0 T 

.oooonpno 

•OOUOOOE-8 r 

OMFGA A 

.00000 

X U/Ul 

• 0000001)0 

•OOOOOOE -80 

7 E T A A 

.OOOoO 

X DE I / " 1 

,00000000 

,onOOCOE-SO 

Y SUB B 

- 7 .37666 

X DEO/Ul 

.OOOOOOOO 

•OOOOGOE -80 

V R DOT 

. OOOoO 

Z U/U ] 

,00026313 

. 1 TOitOOE 00 

Y SIIR P 

.OOOnO 

Z SUB w 

-. 000657(13 

- .ssoncoE or 

v SUB R 

•OOOflO 

Z W Dot 

.oooooooo 

.OOOOOOE-SO 

DEL A I 

, OOOnO 

Z Q/Ul 

.oooooooo 

.OOOOOOE -80 

Y DEL AO 

• OOOoO 

Z DFl/l'i 

•00000600 

.OOOOOOE -80 

Y DEL R 

.000(10 

Z DEO/Ul 

,00000600 

,OOOUOOE -80 

i SUB U 

- 3.66164 

M SUB i) 

-.01477457 

-.lOOOOOE-OI 

X SUB A 

- 2.41365 

M SUB Al 

. 629599)5 

. 400000 E- 0 l 

X A DOT 

•OOOnO 

M AL DOT 

.OOOOOOOO 

.OOOOOOE -80 

X SllB Q 

• OOOnO 

M SUB 0 

.OOOOOOOO 

• OOOOOOE-SO 

X DEL E! 

.000(10 

M DEL fl 

.oooooooo 

.OOOOOOE -80 

X TlEl EO 

• OOOnO 

MDEL EO 

.00000000 

.OOOOOOE-80 


AT DEN S4 * -.995074 S3« -.005621 S2n .003575 Sl» -.000362 SOs -.300002 
-•00460* .00000) < .04458, ,04957) { .05458', -.09957) ( -.0 Q 020* . 00000 ) 

Of.: Den S4» 1.000000 S3* .004298 52* -.029546 Si* -*00n'375 S0« .UOOOOl 

.00129* .00000) ( -.01402* .60000)1 -. 16736*. ,00000) ( . 17579* .noOOO) 

(ifi. 
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Table B4 


(Concluded) 


Fi T CON 

1?0 




altitude 

204000.00000 

Y SUB V 

• , 00063?9 1 

-. 1 07000E 01 

MACH 

9.30000 

N ' SUP V 

.66600600 

. OOOOO uE« 80 

WEIGHT 

1307999.99998 

L* SUD V 

.,00000902 

.OOOOOOE- 8 O 

c.g: 

.OOOriO 

Y R/Ui 

.00000600 

.ooooooe-bo 

alma t 

•10.86620 

Y DA I /U 1 

.06000000 

• OCOOUOE-8 0 

del e t 

11.35963 

1X2 Ul'TR 

•00060600 

•OPOOCOE-80 

EAS 

137.70739 

Y DR/tll 

•ooooocoo 

. OOUuOOE-80 

vEi'nciTY 

9614,07108 

l sue p 

.,08674431 

..460000E-01 

CAN 

165.76023 

L 8 DOT 

.06000000 

•OOOOO0E-80 

Dyn PRES 

22.53896 

L SUB P 

;o6oooooo 

.OOOOOOE-80 

o Silt c 

41.26035 

L SUB P 

.00000600 

.OOOOOOE-80 

* silt 8 

.37913 

L DFL * 

-.04337216 

-•230ilOoE-01 

L * SUB B 

-.08674 

L DEL AG 

•3.35140219 

•OOOOOOE-80 

L* N DOT 

.00060 

L DEL RG 

•,46446605 

.OOOOOOE-80 

L* SUB f 

*00009 

N SUB B 

.OOOOOOnO 

;OOOOOOE«86 

L* SUB R 

.OOOoO 

N 8 DOT 

.00000600 

. OOOOOOE-80 

L'DFL A 

-.04337 

N SUB p 

,00000600 

.OOOOOOE-80 

L*nrL ag 

.3.39140 

N SUB R 

-.0041901 1 

• . 1 OOOOO E 01 

L'DFL RG 

-.48449 

N DEL * 

.00003621 

.600000E-04 

1 Y 

68300000, OOOoO 

N DEL AG 

,67330437 

.OOOOOOE-80 

t XX 

19600000. 00060 

N DEL RG 

.2.41155068 

• OOOOOOE-BO 

I 17 

73400000.00060 

N'SUB 6 

,00000600 


1 X 

19599999.99976 

n»b dot 

,00000600 


I 7 

73399999.99927 

N • SllB P 

.00006PU0 


I 17 

.OOOoO 

N'SIJB R 

-.004196) 1 


IX2/I2 

•OOOOO 

N ' DEL * 

,00003621 


II2/IX 

.OOOOO 

N'DEL AG 

,67330437 


thrust z 

787866.60631 

N'DEL RG 

•2.41155068 


thrust t 

4000000.00060 




ohfra so 

-.04262 

X U/Ul 

-.0001774" 

-• 1 50000E 00 

2 TFT OM 

.00044 

X SllB W 

-,60025435 

-.430000E 00 

t sub a 

2254. 128^0 

X W DOT 

,00000066 

.OOOOOOE-8C 

OHEr.A A 

.COOnO 

X Q/Ul 

,00000660 

• OOOOOOE-80 

2ET A A 

.OOOOO 

X DEt/l'l 

.00000600 

. OOOOOOE-80 

Y SUB B 

.6.08467 

X DEO/'.'l 

.006130660 

.OOOUOOE-80 

r B DOT 

,000n0 

2 U/Ul 

,00023690 

.200000E 00 

Y SUB P 

.00000 

7 SU“ w 

-.00044363 

-.75U000E 00 

Y SllB R 

. OOOQO 

2 H DOT 

.00000000 

.riouflOOE-a? 

v nn a I 

•OOOoO 

Z Q/Ui 

.OOOOOnOO 

.OOOOOOE-80 

Y DFL AO 

•OOOOO 

2 DEI/U1 

.00000600 

•OfiOOOOE.80 

Y DFL R 

.00000 

2 DEO/1.1 1 

.ooooonoo 

.OOOOOOE-80 

X SUB U 

•3.41 206 

M SUB U 

-.015700)5 

». 1 1 OOOOE-O l 

X SUB A 

.2.44532 

H SUB 4l 

,04261958 

•600000E-01 

X A DOT 

.00000 

M At. nf'T 

,00000000 

iOOOOOOE-SO 

X SUB Q 

iooooo 

M SUB 0 

.00000600 

.OOOOOOE -80 

X DFL El 

,00060 

M DEL FI 

.OOOOOdOO 

.OOOOOOE-80 

X DEL EO 

.00060 

MDEL EO 

.06000000 

•onooooE-so 

DFN S4«-l 

tOOOOOO 53» "*004623 S2c - • 

000003 S 1 ■ .*006291 

50= . .000001 

00414. .00000) ( -.066*4, 

•OOOOO) ( 

.63291*. .05736)1 

.0329), -.05736) 


lon den S4 a 1.000000 sa> .003744 s2« -.04201? si» -.000385 so» .000001 

( . 00129 . ,000001 ( -. 01022 . . 60000)1 -. 20416 . . 06000 ) ( .20942. .00000) 

( no sec) 
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Lateral component of relative wind 


V A ' v ‘ v w 


(B 17) 


The lateral bending moments were computed at stations 660 and 1800. The 
same process as used in pitch was used to compute bending due to sideslip at 
conditions apart from max q. 


N' = N gS + N ' 5 

z 


(B18) 


where 


N'S ■ 


N g 1 

/ L V A ] 

u o at 1 

w> n v ' 

Y at max q 
\ V / 


The gimbal actuator dynamics were assumed similar to those used in refer- 
ence ref. 21. In pitch: 


*7 = ^ + A CG 


(B 19) 


where 

C =0.4 


to =33 
n 


Lateral 


8, = - 2C u n 8 Z - " O + r + 




B6 


dr ^ CG " 


(B20) 


Roll gimbal control 


5 X = - 2C 


"n »x ' “ 2 (' 


M. 
"c J dp 


V 8 xi) + ^ P 


(B21) 
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Roll aileron control 


•• • 2 / \ °°a • 

5 a = - 2 Cw n fi a -“> (» a “0 +-T P <B22) 

\ c ) 3p 

. C =0.4 
“n = 10 

Aerodynamic hinge moment data were not available, thus neglected. They 
should be used if available. 


THE STABILITY DERIVATIVES 

Table B4 contains the pitch derivatives and other data needed for pitch 
analysis. Pitch (and lateral) tail wag dog (TWD) and dog wag tail (DWT) data 
are given in Table B5 for three times of flight: lift off, max q, and cutoff. 
These derivatives were obtained as follows: 


-13Fg 



m 

Z 5 ■ 

13m„ 

m (x 6 X E ) 

M » ' 

13F 

I (X CG-V 

U l - 

I [m E (x g x E ) (x CG x E ) + I E ] 

• • 

36 = 
3q 

(rr) C’WV (x cg -x e ) + i EO ] 
\ E / 

• • 

36 _ 

m 

V W 

5A CG 
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The following values were estimated for the 450,000-pound thrust engine: 

m E = 144 slugs 

I E = 724 slug ft 2 

I EQ = 50 slug ft 2 

x, = 194 ft 
o 

x 5 " X E = ~ 2 ‘ 2 
x^,q is given in Table Bl. 

Yaw DWT and TWD terms were derived by similarity to the longitudinal terms 


Y «, 


- Z 5 


= 

Z 6 

% 

= 


N" 

6 z 

= 

M 5 

O 

= 

\ = 

z z 

• • 

r 

= 

•• 

6 q 

•• 

fi z 

Z A 

= 

• • 

■ 6 a 
a cg 


The roll control terms made use of the lateral geometry shown in Figure B5 
which includes the ailerons. An aileron planform is, roughly, looking down: 
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Phase A reports 

mass, m_ 
5 a 

X K 

0 , 


These data yield 


were used to estimate, for one aileron: 

= 110 slugs 

= 8 ft (mass offset, no balance) 

= 21. 5 + 16 = 37. 5 ft from vehicle centerline to 
mass center 

(for two ailerons) 


L 


fi 


a 



- 66, 000 

I 


The engine roll control terms assumed (see Figure B5) all engines except 
No. 8 gimballed in pitch and yaw to produce as much torque as possible about 
No. 8. 


Under this assumption the average moment arm is 11.1 feet. The roll torque 
for 13 engines is (11. 1)(13)(F T ) = -67 x 10 6 ft lb/rad 

The roll control derivative is: 


-67x10 

I 
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PLANE OF 
SYMMETRY 

I 



Figure B5. Rear View of Booster Showing Launch Configuration 
Engine and Aileron Mass Centers 
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The roll TWD term is; 


'll. 1x13 

I 

x \ x 
The roll DWT terms are 


m, 


x -x_ 
6 E 


-46, 000 sec' 


I 


rad 


dP 


•• 

BA 


= (11. 1) 

y 

Sp 

i9w/ 

**» . . h \ 

/* 


- 4. 8 


m. 


\ a 


-Y. 


-37. 5 
8 


= - 4. 6 


Table B4 presents most of the lateral stability data, as well as some longi- 
tudinal data which duplicated Table Bl. The primed derivatives have the 
product of inertia accounted for, as explained in Table B3. 


THE PITCH SIMULATION 

Figures B6 and B7 are the analog computer diagrams for the pitch simulation. 
Time-varying coefficients in the diagram were obtained with padded 
potentiometers, driven by the time servomultipliers SM2 and SM3, Figure B8 
plots Mfiy, A x , and y^. Figure B9 plots u Q and z w . The derivatives Z^ v 
and M w were scaled from the and Z w pots, respectively: ^ 

z = 44 M 

y y 

M w = <^ )Z w 

The 7 control systems examined in this study are shown in Figure BIO. The 
first two (minimum drift and attitude hold) had constant gains. The remain- 
ing five had time-scheduled gains and K^. 
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Figure B7. Simulation of Control System for Boost Pitch 







ACCELEROMETER LOAD RELIEF 



qa LOAD RELIEF 

6. = 2.4q + 2.4 [k 0 9 - 0.0035K A Z w w A ] 

ACCELERATION LIMITER LOAD RELIEF 
OFF LIMIT 6. = 2.4q + 2.49 (1 + 

ON LIMIT 6. = 2.4q - 0.024 Bh - limitJ 

LIMITS = ± 0.5, ± 0.62, ± 0.75, ± 1.0 

Figure BIO. Bost Pitch Conventional Controls 
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Figure Bll shows the wind used in all tests. It is a single sample obtained 
from the wind model described in Appendix A. It has a 3a peak of 2 90 ft/ 
sec at 55 seconds. 


THE LATERAL SIMULATION 

Table B4 shows stability derivative data for the lateral axes as well as pitch. 
Figures B12 and B13 are the simulation diagrams for this study. The time 
varying coefficients are shown in Figure B14. 

The simulation includes tail-wag-dog and dog-wag-tail terms which can be 
switched in or omitted. Figure 39 shows the effect of these terms on per- 
formance. Close examination of the traces shows a discernible but negligible 
effect (for example, the bending moment traces with attitude control). Note 
that higher gains are used with TWD and DWT to get damping performance 
comparable to that without these terms. The higher gain has negligible effect 
on the magnitude of the control perturbations in the wind disturbance used in 
this study. It was concluded that TWD and DWT terms need not be simulated 
to assess the control authority needed when disturbed by this wind model. 

The results presented in the body of the report are without TWD and DWT. 

The bending equations are given in Table B2. These coefficients for 0 were 
assumed to apply at max q, where the airspeed is 1510 ft/ sec (1510 = 

M'^). In terms of lateral velocity v^ then, the bending moments are: 

M # (660) = 10 6 [-1. 62 6 Z - 0. 0059 v A ] 

M'(1800) = 10 6 [-22. 8 6 Z - 0. 013 v A ] 

The variation in M' v with q was assumed to be the same as the stability 
derivative Y v . Therefore 

( Y v v a)(t ;) <64 sec> 

was substituted for v^ to compute the bending moments. 
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TOTAL MEAN RANDOM 





Figure Bll. Vaughan- Skelton Wind 
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APPENDIX C 


PITCH EQUATIONS AND DATA FOR COVARIANCE ANALYSES 
OF THE LAUNCH PHASE OF MSFC VEHICLE B 


This appendix presents the data used to develop the covariance summary re- 
sults of Section II. Nomenclature, representations, and derivatives are pre- 
sented below. Computer output covariance data are presented in Tables 
C8-C16. 


NOMENCLATURE 

A = Matrix [Equation (Cl) and Tables Cl and C3] 
Atx] = Slender body area [Equation (C9)] 



r 

/ 2 


1 V 2 \ . ) 

a' = { 

+ 

[ 

r i- 

Vy c + (« - V, 

cos y Q 

sinQ o' ( g ‘ T-) siny o + ^| 
1 1 ' 


B = 


v v (g- Vi cos y 0 


sin a - V, 
o 


2V 


cm 


/sL) 

2V 


(#i 

(Figure Cl) 


cm 


C L (Figure C2) 

a 


C L (Figure C3) 



ft/ sec 2 
ft/ sec^ 
sec/r&d 


l/rad 

l/rad 

sec/rad 
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(Figure C4) 


ac 

2V 


m 


S. Q 

2V m 


cm 


m 


(ail 

l 2V 


(Figure Cl) 


cm 


x - x 
cm mrp 


m 


a 


'em 


C T + C m 

L m 
a a 


mrp 


m 


(Figure C2) 


a 


mrp 


m 

a 


(Figure C3) 


(NOSE) 


g 


C = C 

m* 2V m 
a 


ac 
, 2V 


cm 


m 

i m 


(Figure C4) 


cm 


D = Matrix [Equation (C2) and Tables C2 and C6] 

G = Matrix [Equation (Cl) and Tables Cl and C4] 

H = Matrix [Equation (C2) and Tables C2 and C5] 

IT = Ischial tuberosities (subscript) 

I = Inertia (Table C7) 

J J 

L = Lift 


sec/rad 


l/rad 

1/ rad 
l/rad 

# 

sec/ rad 


slug-ft^ 

lb 


66 



L = 209 (gust penetration length) 

M = Aerodynamic pitching moment 


ft 


M = Mach number (Table C7) 

M. R. = 27 ^ ■jjrW - 4- I (inertial rate and jet damping) 

M 66q = Bending moment at station 660 
Misoo = Bending moment at station 1300 


M 


1880 = Bending moment at station 1880 


660 


due to a at q max ) 


= - 6 . 72 x 10 6 x 57. 3 (M ( 

Mo. = -11. 2 x 10® x 57. 3 due to a at q, J 


2a 


’max 


M 


' = -10. 1 x 10 6 x 57. 3 (M 


M 


3a 

/ 

16 

/ 


1880 due to * at Vx> 


-1. 62 x 10 x 57. 3 (M c ~ n due to 5 at q ) 

660 ^max 


M 26 = " 15 * 05 x 10 x 57 * 3 ^ M 1300 due to ® at ^max^ 

M/ 36 = " 22 - 80 x 1()6 X 57 ‘ 3 (M 1880 due t0 6 at q max ) 

S = 10, 250 (reference area) 

T = Thrust (Table C7) 

V = Speed relative to earth (Table C7) 

W = Weight (Table C7) 

a.. = Element of A matrix 

ac - Aerodynamic center (subscript) 

c = 211 (reference length) 

cm = Center of mass (subscript) 


civVT 


Coefficient in random wind model (Figure A 8 
and Table A 2 ) 


ft- lb 

slug-ft^/ sec 

in. -lb 

in. - lb 

in. -lb 

in. -lb/rad 

in. -lb/ rad 

in. -lb/ rad 

in. -lb/rad 

in. -lb / rad 

in. -lb/ rad 

ft 2 

lb 

ft/ sec 
lb 

ft 

, w 3/2 
ft/ sec 
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Vh = Coefficient in random wind model (Figure A 9 and 1/ft sec*^ 

* Table A2) 

• 2 2 
c„a h = Coefficient in random wind model (Figure A10 and ft /sec 

d w Table A2) 


c 4 h 

= Coefficient in random wind model (Figure All and 
Table A2) 

1/sec 

c = h 

0 

a w 

= Coefficient in random wind model (Figure A12 and 
Table Cl) 

1/ft 2 

f = 

Force vector [Equation (C2) and Table C2] 


f = 

Force vector [Equation (Cl) and Table Cl] 


g = 

32. 17 = Gravity 

ft/sec 2 

g = 

Gust (subscript) 


g ij 

= Element of G matrix 


h = 

Altitude 

ft 

h.. 

ij 

= Element of H matrix 


h = 

Altitude rate 

ft/sec 

l = 

x. - X 
6 cm 

ft 

mrp 

= Moment reference point (subscript) 


n = 

Normal acceleration at cm 

ft/sec^ 

H 
1— 1 
C 

= Normal acceleration at pilot's seat 

ft/ sec 2 

P = 

Roll rate 

rad/ sec 

q = 

Pitch rate 

rad/ sec 

q = 

Dynamic pressure (Table C7) 

lb /ft 2 

r = 

h + r e = (Table C7) 

ft 

r = 

Roll rate 

rad/sec 

r = 
e 

Earth's radius 

ft 

r = 

Response vector [Equation (C2) and Table C2] 
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t 


= Time since launch (Table C7) 
u = Input from controller (Tables Cl and C2) 
v = Mean wind (Figure A5 and Table A2) 

rvj 

v = Random wind (Table Cl; Cf Appendix A) 
v w = v + v = Wind (Table Cl; Cf Appendix A) 
w = Wind (subscript) 

x = State vector [Equation (Cl) and Table Cl] 
x = Wind state (Table Cl; Cf Appendix A) 
x = Distance from nose (Figure 1) 
x cm = Center of mass (Table C7) 


x = x - 59.7 = (Pilot's position) 

p cm 

x g = 194 = (gimbal position) 

Xj = First basis element for gust penetration (Table Cl) 

Xg = Second basis element for gust penetration 

Xg = Third basis element for gust penetration 

z = Downward distance normal to reference trajectory 
[Equation (C28) and Figure C5] 

A = Perturbation symbol 

Q = Earth's rotational rate 

a = Geometric angle of attack (Figure C5 and Table C2); 
does not include the wind. 

a Q = Angle of attack along reference trajectory (Table C7) 

y = Flight path angle relative to round earth [Equation (C20) 
and Table Cl] 


sec 

rad/sep 
ft/ sec 
ft/sec 
ft /sec 


1/ft 

ft 

ft 

ft 

ft 

ft 

ft/ sec 
ft/sec 
ft/ sec 
ft 

rad/sec 

rad 

rad 

rad 
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y = Flight path angle along the reference trajectory 
° (Table C7) 

6 = Gimbal deflection [Equation (Cl) and Table Cl] 

6 = Gimbal deflection along the reference trajectory 

° (Figure 2) 

6 = Gimbal position (subscript) 
r) = Unity white noise 

6 - Pitch angle [Equation (Cl) and Table Cl] 

0 - a + y 

0 o / o 

th 

H-. = Lift associated with i basis element (x.) of gust 

1 penetration; note elements a. 27 , a 23j an( ^ a 24 
Table Cl. Their determination is presented between 
Equations (C3) and C15) 

t h 

= Moment associated with 1 basis element f(x-) of 
gust penetration; note elements a.\ r i , a^g, ana a-^ of 
Table Cl. Their determination is presented between 
Equations (C3) and (C19) 

ct w = Standard deviation of random wind (Figure A6) ft/ sec 

a I a - Coefficient in random wind model (Figure A7 and l/sec 

Table A2) 


RE PRESENTATIONS 

The generic forms for the perturbation state transition and response are given 

by 


Ax + G T 

(Cl) 

Hx + Df 

(C2 ) 


They are presented explicitly in Tables Cl and C2. These tables and the 
nomenclature provide for generating all data. 

The coefficients a 55 , a 5 g, a^^, agg, g 53 , ggg, and v are tabulated in 
Table A2. The remainder of the coefficients of matrices A, G, H, and'D 
are presented in Tables C3 through C6. 


rad 

rad 

rad 

l/sec 1 / 2 

rad 

rad 
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DERIVATIONS 

Winds 

The wind^normal to the vehicle v w is taken as made up of a mean v w and 
random v w . The model is discussed in Appendix A. 

The mean wind v appears as a disturbance forcing function in Tables Cl and 
C2. Numerical values are shown in Figure A5 and column 2 of Table A2. 

The random wind v is generated by the differential equations of rows 5 and 6 
of Table Cl. Coefficients are plotted in Figure A7 through A12 and columns 
4 through 9 of Table A2. 


Distributing the Wind Gust Loads 


The wind lift force and the moment on the vehicle are the result of the inte- 
gration of pressures developed by the winds. A lumped parameter represen- 
tation is required for these distributed forces. 


The lift and pitching moment coefficients due to normal gusts are taken to be 




Pi Xj + P 2 Xg + n 3 x. 




^ii x i 


+ |i 12 x 2 


+ H- 


13 



(C3) 


(C4) 


where xj, X2, and Xg are system states driven by the wind, v w . For con- 
stant winds xj = xg = xg = v w . Rows 7, 3, and 4 of Table Cl show this and 
how the x^s are driven by the wind, v w . The |x»s are constant to the deter- 
mined. 


The step responses of xj, Xg, and X3 (called fj, fg, and fg) for a sharp- 
edged gust ar^e 


fj[x] = 1 - e 


f 2 [x 1 = 1 - e 


2. 3 


2. 3 


|cos x - 1. 165 sin-^j- x^ 


(C5) 


(C6) 
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fg[x] 


1 - e 


2. 3 
L 


cos %p- x +1. 167 sin ^1 x 

1 S-j Lj 


(C7) 


The most gross result of slender body theory (references 22 or 23) yields 
the step responses for gust penetration as shown in Figure C4. 


Determination of M-j, 1^2, and P3 is presented first. The left gust penetration 
derivative i£ presented in Figure C4; it can be expressed mathematically. 




A' dx =|-A[x] 


<C8) 


where 


A[x] 

A[x] 

Then let 


0. 1682x(122 forOsxs 122 

12, 950 + x(-27 8. 0 + 1. 495x) for 122 sxs 209 = L 


(C9) 


% CXl 

a g 

Find p 2 , Pg from the solution of 


L L L L 



(CIO) 


(Cll) 


(C12) 
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f l f 3 dx + *2 


/ 


L L 

fgfgdX + {i, 


f 3 2(3x = 


f 3 gdx 


(C13) 


Then 


p. = kp. 
1 1 


(C14) 


where 


. ro 

Em-,. 


(C15) 


Equations (Cll) through (13) are solved for Pi, p 2 > and £3 to provide the 
least squared fit to penetration dynamics. The tilde values of p are adjusted 
to enforce the correct steady-state response p's by Equations (C14) and 
(Cl 5). 

The gust moment parameters Pu, P 12 , and Pjo are obtained in a manner 
similar to the gust lift parameters. g[x] is different and the p's differ only 
in notation; i. e. , Pj 2 corresponds to P 2 . g[x] is obtained from Equations 
(C16) through (C19). 


g[x] = 


C m ^ 

C m ^ 

a 

g 


(C16) 


where 


C [x] = 
m 

a - 

g c 


cm 


[x] + c. 


a 


g 


m 


a 


Cx] 

(NOSE) 


(C17) 


g 


where 


x £ = 107. 98 ft (for this consideration only the value of 64 sec is 
" 11 taken; xcm is usually taken to have the values of Table C7) 

C [x] from Figure C3 or 
m 

a NOSE„ 

g 
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(C18) 


C m CX] = ll 

a NOSE S 

g ° 


xA'dx = [m] 

Sc 


m 


m 


0. 1682X 2 - -J) o ^ X ^ 122 

l2 Kt " I) - f] + x2 (f X + f ) for 122 * x * 209 


(C19) 


where 

t = 122 ft 
a = 0. 1682 
c = -278 
d = 2.99 


Normal Motion Dynamics 

The acceleration normal (upward) to the flight path is given by [Equation 4, 
page 6, reference 19] . 


• y o 

n 2 ; Vy — — cos y - rQ cos y - 2C2V (C20) 

As written it is for wings level with the velocity in the earth's equatorial 
plane. The third term is neglected because it is relatively small, i. e. , 

Vy ~ (1000) (p^-J = 8. 82 ft/sec 2 


cos y ~ - 1 — - 1 = 4. 76 ft/sec 2 

2.1x10 


rn 


cos y ~ (2. Ixl0^)(7. 27x10 9 ) cos y = 1. 1 x 10 * cos y ft/sec' 



The fourth term is omitted because it would subsequently be lost in the per- 
turbation; V and Q are not perturbed. 

From Figure C5 


cos = L + T sin(cH-6) - W cos y (C21) 

or 

y ~ wy L ■*" y/y T sin (ar+8) + j ~ •y'j cos y (C22) 

Perturbations, about a nominal trajectory are taken. Perturbations are 
restricted to y, y, a , a, q, 6, and v w ; i. e. , T, W, V, etc. , are not 
perturbed. The perturbation equation corresponding to Equation (C22) is 


Ay 


WV qS C L ^ q + C L- + C L ^ + V ^l x l +tJ- 2 X 2 +H- 3 X 3M 
L q a a J 

+ T cos (tt o +6 o )(Aa+A6) - (-p- " -y) (sin y Q )Ay (C23) 


Using 


a = 9 - y 

(C24). 

a = q - y 

(C25) 

cos (a +6 ) 2 : 1 
o o 

(C26) 

in Equation (C23) 2.4 yields 
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Ay = VWV 

T + ciSC lJ 


1- ( C L- + C L ) A< 5 
' a qj 


a 


W sin y 
' o 

1 • £) - 5sc L, • T 

Ay + T A6 

/ 1 

1 5sc, 

1 

qSC L +T 

A0+ v a (P-jXj+tigX^gXgjy 

\ a 1 


J 


(C27) 


Equation (C27) corresponds to row 2 of Table Cl. 


Drift rate (z) and drift (z) normal to the flight path are also required, z is 
taken positive downward. Consistent with the approximations taken thus far 
is the expression [from Equation (C20)]. 


z = -Vy + -p— cos y (C28) 

Previous studies (reference 6, for example) have approximated the content 
of Equation (C2 8) by 

z a: -Vy (C29) 

This is done here to take advantage of the format of reference 6 . Hence, 
Az = -VAy (C30) 

which is row 10 of Table Cl. 


Pitch Rotation Dynamics 
Pitch rotation is given by 


C ‘V 


4- I q 

yy 4 


-I r + 

yz 


(I 


xx 


I zz > P r + W p 


2 , 

-r ) 


V r 


+ I pq] 

yz 


M - HI sin 6 + (M. R. )q (C31) 

It is assumed that pitch plane and lateral perturbations are uncoupled. 
Hence, p and r can be considered to be zero. 
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(C32) 
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yy 

qSc 
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^ 13 J 


yy 


A 0 + I 

c roo -^^( « 


(C33) 



In line 1 the perturbations are taken. In line 2 Equations (C24) and (C25) 
are used and cos 6 0 = 1. Row 2 of Table Cl is substituted for Ay to go from 
line 2 to line 3. The result is row 1 of Table Cl. 


Mass Rate Effects 

Mass rate damping M. R. q is given by (Equation 7. 8-2 of ref. 24) as 


(M.R. )q 




q 


where 

m = vehicle mass 

£ = x* - x +15 ft = £+15 

0 cm 

15 ft = distance from gimbal to end of rocket nozzle 
k = pitch radius of gyration 

q = Pitch rate 


Using 


V • , 2 . d . 2 

I = mk + m jt- k 

yy dt 


yields 


M.R. = m (£ + 15) - I 


yy 


(£ + 15) d d T 

32. 17 dt w ‘ dt yy 


Actuator Dynamics 

Appendix B uses the second-order actuator dynamics 
6 = -2C w n 6 - u n 2 (6 - u) 

where 

C =0.4 

u n 2 = 1, 000 

78 


(C34) 


(C35) 


(C36) 


(C37) 



Appendix B includes tail-wags-dog (TWD) and dog-wags-tail (DWT) dynamics 
which are neglected here. Section II shows the TWD and DWT dynamics are of 
minor importance. Furthermore, based on the considerations of ref. 6, it is 
is expected the second-order dynamics can be satisfactorily approximated 
with a first-order actuator with the same break frequency; i. e. , 

6 = -31. 65 + 31. 6u (C38) 

This is row 8 of Table Cl. 


Bending Moments 


The bending moments at stations 660, 1300, and 1800 are 
ref. 10 ). They were calculated by the procedure of ref. 

given by (page 15 of 
26 as 

M 660 = Mj 6 6 + MjV + 7. 98 x 10 6 


(C39) 

M 1300 " M 25 a + + 104 - 2 X 1<>6 


(C40) 

M 1800 " M 36 6 + M L° + 182 ‘ 1 x 1<|6 


(C41) 


where the numerical values for the maximum dynamic pressure condition are 
listed in the nomenclature. The perturbation equations corresponding to the 
above are 

^^660 = etc. 

Two modifications to the above must be made: 1) extension to the entire 

boost phase flight, and 2) smoothing for gust penetration. 

The most desirable extension would utilize the data used in the ref. 26 com- 
putations. These were not provided, so the plausible approximations used 
in Appendix B are used. This has the added advantage in that it permits a 
direct comparison of results. It is thus assumed that 

Q sc t 

-2 [ t ] 

M " (t) Aa = — M ' Aar 

a q sc L a 

— W ~ Ct=64 l 
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W 


-W C L k ” 641 

a 


-M' Aa 
a 


qc. 


a 


W 


7. 86 x 10 
2. 63 x 10 6 

^ C L 

a 

x-4 


M ' La 

a 


2. 52 


M ' La 
a 


(C42) 


W 7. 61 x 10 

The bending moment contribution from gimbal deflection is assumed constant. 

For gust penetration it is simply assumed the wind effects are filtered by 
x-,. Hence, the final bending moment equation for station 660 becomes 


AM 


660 


^ C L Ka 


a 


W 7. 61 x 10 


-4 


Ay + LQ + + Mj'g L6 (C43) 


This corresponds to row 3 of Table C2. Similar expressions for AM.„ nn and 
1880 


AM innn are given in rows 5 and 7. 


Differentiation of row 3 of Table C2 yields row 4. Coefficients are taken as 
constant during the differentiation. Rows 6 and 8 are obtained similarly by 
differentiation of rows 5 and 7. 


Fanny Load 

The normal acceleration at the pilot's seat (sensed by the ischial tuberosi- 
ties, is [from Equation (C20) and Figure C5j approximated by 


n IT - I Vy - 


cos y + g cos y cos a + x q - V sin a 


cos a + x q - V sin a 
P 


Vy + 

v 2 \ 

g - — cos y 


_ 


(C44) 
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Its perturbation is given by 


An IT = 


w 0 +|g- ^ 


v* 


cos y 


- sin a _ Ac* + x Aq - V cose* A a 
o p o 


- ( g - -p — | sin y o cos c* Q Ay + VAy cos a Q 


= Xp Aq + VAy 



1 

o 

+ 

v 2 l 

g - — | cos y o 


L 

r 

„2\ 1 

T 

l 

< 

N*. 

o 

+ 

VI 

g - — cos y 
6 r j ' o 


L 

-* 


sin c* Q - I g - ^-1 sin y Q + V ) Ay 


sin a - V ) A3 
o 


^ Xp Aq + VAy + A Ay + B A 9 


(C45) 


Substituting for Aq and Ay by use of rows 1 and 2 of Table Cl in Equation 
(C45) yields row 9 of Table C2. 

Differentiation of row 9 of Table C2 yields row 10. Coefficients of row 9 # 
are taken as constant during the differentiation. 


qo' 


The term q a is used as an indicator of aerodynamic loading. It is most com- 
monly employed in preliminary design where aerodynamic loads due to q, a, 
and gust penetration are neglected. Since these latter effects are included 
here, the q a computation used includes q, a, and gust penetration. This is 
done by defining a cp that meets the intended use of the q a indicator; i. e. , 
it is taken to be 


qa = 


SC, 


a 


q + C T a. + C T a + C L y - 


O' 


a 


a 


a 


x i + 


a 


j ^_2 

V 


-T7 X 2 + C 


L V 


] 


(C46) 








The perturbation equation is 


C L + ^L* I “ 

q a I a a 

^1 ^2 ^3 

+ C L V X 1 + C L V x 2 + C L V x 3 
a a a 

With the usual substitutions this becomes row 11 of Table C2. 
obtained by differentiation of row 11. 



C L Ay 

a 

(C47) 
Row 12 is 



Figure C5. No Wind Flight Geometry 
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Table Cl. State Equations 
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03 

..M 9 l7l64c%01 

• 1 1 04 1979E 

03 

-.300511161 

03 

163788JOE^01 

9 1 2067345c 

03 

.,»*698902e 

03 

.,n4t>0000E6*01 

•13101876C 

03 

-. 59386224 ! 

03 

-.221077 6 9E’-01 

,14146013E 

03 

..64121091E 

03 

• * 246 15898E«01 

• 151 9 q 9 22e 

03 

-.*68937241 

03 

..27507l73E‘i0l 

.16260107E 

03 

-. 737038631 

03 

..30949843E*01 

# 1 7329023c 

03 

-,785490810 

03 

-,34500702c«*01 

• 1 64 0 5l 1 9C 

03 

— 63*267B2E 

03 

••4 j53o956E^OI 

*194881652 

03 

.,883360181 

03 

- # 53232l05C,0l 

.20576l9°E 

03 

— 9326rBl(E 

03 

••7945l022E«01 

» 2 1 672289C 

03 

— 902362221 

03 

•* 1 3287049E 00 

.22730332c 

03 

-, 10306838c 

04 

•«22 9 00000c 09 


(Continued) 


. 00°00 OUOE-80 
.125553441 04 
.26524554E 04 
.42888222E 04 
,598399001 04 
.83534353E 04 
.119392231 05 
s 1 6 32(8982 05 
.Z1550000E 05 
.281014921 05 

• 36529247 E 05 
.47124992E 05 
,589*14631 05 
.64468KJTE o5 
.594390782 05 
,521209072 05 
, 46681 270E 05 
,423J7724 E 05 
.35733698E 05 
.357)78691 05 
.33Z28514C 09 
.31115*251 05 
.29304929c 05 
.275TT923E 05 
.25550000E 05 
.229755662 05 
.20231455E 05 
.1/793875E 05 
.15623838E 05 
.13274T08E 05 

• 1004 j i6jE 0* 
.778377872 04 
.5377611?! 04 
, 321 T9279E 04 
,10000000c 04 


•ooonoooor-80 

-.5en36Z3r-oe 

..145412862-07 
•*20673621 E-O7 
.*272711412-07 
-.325513032-07 
-.34457560^.87 
-,35750056f-87 
-.369000002-07 
.,364615872.07 
•.34411297C-07 
-.313514J1E-07 
-,284987l7(r-07 
-*29l5o2o6E-o7 
.» 352678402-07 
-.441355892-07 
-*542118532-07 

— 6514438*0-07 
.*767556012-07 
.,88984034c. 07 
-.101791182-06 
-.11471*382-06 
-,12744993c-06 
-.140456492-06 
.,155500002.06 
-• 174022032-06 
., 195912462.06 
-,220689792-06 
-.248134902-06 
-,278291550-06 
-*328125922-06 
.,427424300.06 
•.640621(20.06 
-,108603332-03 

— 161800000.03 


.800000000-60 
-.465898262-02 
.,961*02812-02 
-, 148247092-01 
203163862-01 
260692862-01 
-.320479602-01 
. ,382339390-01 
— 44300000E-01 
.,909939732.01 
., 961123*62-01 
.,608420822-01 
-.648943050-01 
-.*86104042-01 
.,723083612.01 

— 760497*12-01 

— 797326302-01 
— 0*1337360-01 
. ,8*2129292-01 
-.890*30322-01 
-.917920230-01 
.,9*3643592-01 
—,966637342—01 

— 98*615862-01 
.,996000000.01 
-.08*673272-01 
.,997205002.01 
-.990713762-01 
-.960327172-01 
-,9639760*2-01 

— 949200*52-01 
919663342.01 

— 8B*767»O0.O1 
.,858379432-01 
-.690000002-01 



Table C3. (Concluded) 


a 75 


a 77 


a 10, 2 


» OOOOOOOOE 

• 8 0 

•OOOOOOOOE 

-81 

.3 J ; n004£ 

• 80 

.88796036E 

00 

-.86796036E 

no 

« J*84572E 

02 

, 18294547C 

01 

..1B294547E 

01 

-.16624176C 

01 

•28235383c 

01 

-,20239383c 

01 

-.25657370? 

03 

•38772718C 

01 

J8772718E 

01 

-,45232600c 

Jl 

.50133509E 

01 

-.30139509E 

01 

-,45*5619 If 

01 

•62500412E 

01 

-.6290041 2E 

01 

-.55793353E 

03 

,76022373c 

01 

-.7602Z373E 

01 

-.6J781200E 

03 

,90790354^ 

01 

-,90790334c 

01 

-.825 J 0800c 

03 

, 10639003C 

02 

-.10639003E 

0 ? 

-.9867616JE 

03 

, 12191934c 

02 

-.12191934E 

0? 

., 11079757c 

04 

•13756073E 

02 

-.13756073E 

0? 

-.12500083E 

ni 

.15408591E 

02 

-. J3408591E 

02 

-. 14001720E 

04 

,17210432c 

02 

-, 17210432E 

02 

-,1563 9 045C 

04 

•19241446C 

02 

-.19241446E 

02 

-.17484618C 

04 

,21540633c 

02 

-,21540633c 

0? 

-,19573880c 

04 


n 

-.24137I90E 

-,27039l63E 

02 

02 

• • 2 1 933360E 
-.24570369E 

0* 

04 

•30245693E 

02 

-, J0243693C 

02 

-,27434130c 

04 

.33742253E 

02 

-.43742253E 

02 

-.3J661439E 

04 

,37521618c 

02 

-,37521618c 

02 

-,34095731c 

04 

,41376319C 

02 

-, 41576319E 

0? 

-,3778o22oE 

04 

,4590564lC 

02 

.,4590964 1 E 

02 

..41714257E 

04 

•50490163E 

02 

-.90490163E 

0? 

-,45900l92E 

04 

, 5517871 7E 

02 

-.55178717E 

0? 

-.50140660E 

04 

, 59909l73 E 

02 

-, 99909173c 

02 

-.54439205? 

04 

,64683537c 

02 

..64683337E 

0? 

-.58777667E 

04 

,69498055c 

02 

.,69498055c 

02 

63152580C 

04 

•74330389C 
, 79238078C 

02 

-, 74350389E 

02 

-.67861875E 

04 

02 

-. 79238078C 

0? 

-.72003297C 

04 

•8*1 5S5$6C 

02 

-.84158396E 

02 

-,76474550c 

04 

,89110896c 

02 

-.89110896C 

02 

-.80974693E 

04 

9*085956c 

02 

-,94089996c 

02 

-.854 9 5499c 

04 

•99097943E 
, 10397249C 

8! 

-.990979432 
., 13397249E 

02 

03 

-.9-J040870E 

-.94479350C 

04 

04 


93 


Table C4. Numerical G Matrix 


g 53 

. 030 JOOuOE-83 
,10 8 2J374E 01 
, 1527<?645 e 01 
,ZUZT9l2^z 0 * 
.24461378E 01 
.29857845E 01 
.38432125E 01 
.48108218E 01 
.58700000E 01 
.71933670E 01 
,889655140 31 
.11004029E 02 
.13358246E 02 
,U2584Z 9 e 02 
.12769456E 02 
.10877721E 02 
,95 0 97554e 0 , 
.84814833E 01 
.763J7293E 01 
.69268290E 01 
i 63369727 E 01 
.58453254E q1 
.54333342E 01 
.50610690E 01 
.46600000E 01 
.41852524 E 01 
.36932846E 01 
.32601122E 01 
.Z8751335E 01 
,24612601c 01 
, 1 980364 8E 01 
.14850739E 01 
,10330448c 01 

.62836345E 00 
.25000000E 00 


g 63 

.00000000E-80 
-.15071135F-05 
-.20748258E-05 
-,260l0943(r-05 
-, 30552883E-05 
..34462563C-05 
-.38199523E-05 
-.417661400-05 
•. 451000000.05 
-,481 14902E-05 
-, 506415040.05 

-•52646777C-05 

-.54306652E-05 

-.55836747C-05 

-.573824020-05 

-.58915939E-05 

-•6Q39H35E-05 

-.61764465E-05 

-.63003208P-05 

-.640986070-05 

-.650475080-05 

-.65864219E-05 

-.66569750E-05 

-•6714 1 4 89 0 -O 5 

- . 6 750 0Q 0 0E - 05 

-.6759l?190-O5 

-.67480366E-05 

-.67253700E-05 

-.66909006E-05 

-.66374577E-05 

-.65630 Ib3e-05 

-.64774424F-05 

-,638941560-05 

-,6287o6j4E-05 

- , 6 1 500000 E-05 


94 



Table C5. Numerical H Matrix 


h 32 


h 37 


h 39 


h 41 


h 42 


h 43 


.OOOOOOOOE. 

• 60 

• OOOOOOOOE’ 

• S'' 

.OOOOOOOOE- 

•89 

.aaooooonE- 

■ 8 J 

.OOOOuOOOE- 

• BO 

.OOOOOOOOE. 

• 80 

.308830 9 2 E 

07 

JU2744!2e 

0 * 

-.30IB3092r 

07 

..27237687E 

07 

-, 69253071; 

06 

.,5773313e E 

03 

, i 3367689E 

08 

-.S04m3BE 

0 ’ 

3367689E 

08 

•.11763655E 

08 

-,286763j4e 

oT 

..2>«*0129E 

0 * 

,31597720E 

06 

..12315261E 

Of 

..31597720E 

03 

..27S44861E 

08 

-,4747096«F 

07 

.,597891 18E 

04 

.3g3g423tE 

0 e 

-• ?657*®b4E 

Oft 

-.533$423BE 

08 

».5l6?225lE 

08 

».9<364389E 

07 

..10 B 326l9E 

03 

.94292086E 

Os 

-.2069B015E 

Oft 

-.91292036; 

03 

..87735740E 

03 

..16927021c 

06 

•» 16919990E 

05 

,13B97424 E 

09 

-.24469943 E 

06 

-. l3l974?4 E 

09 

,.12425905; 

09 

..27532664 E 

06 

..23686728c 

03 

.I92l-36«ZE 

09 

-.«781'>022E 

Oft 

.. 19215642E 

09 

..1T318B59E 

09 

-.41475059E 

08 

. .306671UE 

03 

.22587448E 

09 

..2737B459E 

Oft 

..22487448E 

09 

,.2064703«E 

09 

47571947 E 

08 

..297B1249E 

03 

.21739391E 

09 

••224B6B17E 

Oft 

-.21739391E 

09 

Vi 20019 68 3E 09 

..38660143E 

°8 

.,201}0J45E 

°5 

.31950204E 

09 

..2B639199E 

06 

-.3195U204E 

09 

• • 295B3918E 

09 

.. 69544171* 

06 

., 3323024SE 

03 

.42583543E 

09 

..34066607E 

06 

-.42533543E 

09 

*.397 7 7 U74E 

09 

-.196886B9E 

09 

..46509478E 

05 

.40320900E 

09 

-,*8797i05E 

Oft 

-.403299ME 

09 

•,38157530c 

09 

-.87427566E 

08 

.,333*3393; 

03 

,36475253e 

09 

-.C3323198E 

06 

194 75253r 

09 

..35142234s 

09 

-.66055682; 

06 

. Z1899746E 

05 

•333509631 

09 

•.190794J9E 

oft 

-•33350963E 

09 

•.32483791 E 

09 

•.5095T23TE 

08 

..14660148E 

..80114216E 

03 

.27570982E 

09 

14985599E 

06 

.. 27570982E 

09 

..Z7067786E 

39 

..32998171E 

06 

04 

.22697758E 

°9 

. t 1034 8 30 9 E 

06 

-.22697758E O 9 

..22430259E 99 

..21428M8C 

08 

..43340758E 

04 

.18321963E 

09 

..74569343E 

05 

-.13321963E 

09 

•.1S188292E 

09 

-.13637502; 

06 

..22334810E 

04 

, 1 4364062E 

09 

-,52263113c 

05 

-.11364362; 

09 

•.14295747E 

09 

..84294232E 

07 

.,11078441c 

04 

,114o021«E 

2 9 

-.37jBo949E 

0 ’ 

•• 1 1 4 J 02 1 4E 

09 

..11364964E 

0 ^ 

-.543298i8e 

07 

.,56o»T894E 

03 

.92364I46E 

os 

, f 27099517E 

Oft 

..92334146; 

05 

..92196625E 

03 

.,36908866; 

07 

..29801196E 

03 

.73939<>B3E 

0 s 

-.19376139E 

05 

•. 73959 O 33 E 

03 

■ •73863311 E 

08 

..25M1736F 

07 

-.155»8988E 

03 

, 59323924E 

os 

-.14221498E 

05 

-.59323924; 

06 

..592758J0E 

08 

,,1754535«E 

07 

.,8212S309E 

02 

,47457965 e 

06 

-.l0343B90 E 

05 

••4745 7 96 5 e 

05 

.,47434155 E 

08 

.. 12228028 ; 

07 

.,43450297c 

02 

.36573632E 

08 

7294Z103E 

04 

-.3*>571652E 

08 

,.3656?476E 

06 

-,8l553»44E 

06 

. .21607610E 

02 

.28944206E 

Os 

-,»3167944E 

04 

..28944206E 

OB 

..28938708E 

08 

.,57038996c 

06 

..114B0643E 

02 

.23203738E 

Os 

..J94S0536E 

04 

-.23205738E 

06 

>.232t>310 9 E 

03 

-,4l8T047*t 

Oft 

>,6330J72(C 

01 

.17651893E 

08 

..279511b2C 

04 

-.17651893; 

08 

•:176J9747E 

06 

.,28198093c 

06 

..31731021C 

01 

.13941119E 

06 

-,Z0634599e 

04 

-.13941U9E 

03 

• .U94 j672 E 08 

.,2Q421#8*E 

06 

..17293356c 

01 

.11637055E 

Os 

-.16161837E 

04 

-.11637055E 

05 

..11636952E 

06 

-.15835970E 

06 

..10608942C 

01 

,95256126c 

07 

.,12455925c 

04 

. .95256126? 

07 

•,95296701 E 

37 

12095»76e 

06 

.,63015099c 

00 

.79397324E 

.66S10233E 

07 

-.98052033E 

01 

-.79J97324E 

07 

•.79394J92E 

07 

-.9465T788E 

03 

• « 3904B7J8E 

00 

07 

..78144737E 

03 

..66810233E 

07 

..66811774E 

07 

..75143969C 

03 

..248U2452C 

OU 

,540 T7 223e 

07 

-.60952327E 

03 

-.54077223E 

07 

•.S407S603E 07 

«,575#4S2TC 

03 

.,14647323c 

00 

.44759426E 

07 

-.47374B24E 

03 

-.44759426E 

07 

•.4476Q632E 

07 

..45261632E 

•3 

.,9ll3T256C< 

•01 


Table C5. (Continued) 


h 44 


h 45 


h 47 

h 48 


h 49 


h 52 


•00000000 c **0 

.oooooaooE. 

"3n 

• 0<WKW0O0C' 8 0 
. 35356904C 05 

.29339016E 

n 

. OQOOOOOOE- 

■80 

.oonoooooE- 

80 

-.36654567E 

03 

..3398R178C 

0* 

,2933)1452 

10 

,18876617C 

OT 

.51471821E 

07 

-.HItHSIE 

04 

-,14710 8 34E 

06 

,15536200c 96 

, 29371993 c 

10 

.43773318E 

0? 

,2227 9 48lE 

Ofi 

..3794677TE 

04 

-, 347726 10E 

06 

.36799286E 06 

,2939431 9 C 

15 

,659 1 6337C 

07 

.5S662866C 

06 

-,68752137c 

04 

-,64250597c 

06 

,67759474c 06 

,29417973c 

10 

,14619919c 08 

,9T3U706«C 

08 

1U738728E 

05 

-.ll)37664)E 

07 

, 1 09247j9C 07 

,2944262)E 

10 

,23328102c 

08 

, 1 57) 5348E 

09 

..15033421E 

05 

152938I3E 

07 

.18061070E 07 

.2946T184C 

10 

.35001497C 

"6 

.231623T3C 

09 

-,l946370 9 E 

05 

-.21146400E 

07 

.22139762C O 7 

.29491240C 

10 

.49814104E 

08 

,320260t0e 

O 9 

..18901473E 

05 

-,24857000c 

07 

.25821667C 07 

.29494838C 

10 

,55604353f 

58 

, 376?5746c 

09 

-.127«89*0 e 

05 

.,23923732c 

07 

,24576437c 07 

,29471291c 

10 

,45084063c 

58 

,36232318c 09 

-.2109047ZE 

05 

-, 35160512E 

07 

. 3623689BE 07 

, 29317437 c 

10 

.77313772C 

08 

, 53250340C 

09 

.,295184 9 5e 

05 

..«686?272c 

07 

,13368796c 07 

, 29539619 c 

10 

,11394147c 

09 

,70972371c 

09 

-.21143244E 

05 

-.44372282E 

37 

•45451362C 07 

.29J31985E 

15 

.94737945E 

08 

.67201500E 

09 

..13899265E 

05 

-, 4014O231E 

07 

.4J849603C 07 

.29300435E 

10 

, T1674613C 

08 

.60792089E 

09 

-.939445 9 8t 

04 

..J6702017C 

07 

.371 76685C 07 

. 2 9 4 746 1 7 C 

10 

,33287750c 

06 

,393a4938C 

O 9 

..50846649E 

04 

-,30341272c 

07 

.30690776C 07 

.2944133JC 

10 

, 35992607C 

08 

,43931637c 

09 

-,27507381c 

04 

- f 249783 9 4c 

07 

,25116782c 07 

,29415402c 

10 

.23491“8*E 

08 

,37029996c 

09 

*• 14302325c 

..703123I5E 

04 

-, 20 l 62 » 26 E 

07 

•2J235923E 07 

,2939439)£ 

10 

«1 5 021444E 08 

, 30336605c 

09 

03 

-,»580 1 3«1E 

07 

, 1 5843226E 07 

.29377459E 

10 

,93296973c 

07 

,23940103c 

09 

..'356J404ZE 

03 

-. 4254569»C 

07 

,12563961c Or 

.29365676E 

10 

,60260242c 

07 

,l90003)7C 

09 

-.18914133E 

03 

-.10166676C 

07 

. 10176329E 07 

.29337616C 

10 

.40903349C 

07 

,1?397338C 

09 

-•9874 9 316j 

02 

-,81390379c 

06 

,31440777c 06 

,29331390c 

10 

,27805221c 07 

, 14326514c 09 

..52i23 0 43E 

-,27?76903C 

8i 

-,652847oiC 

..52226468E 


. 6 5 3 1 1 3q2e 06 
.52243543E 06 

,29346845C 

.29343243C 

18 

,i9329o32C q 7 
,13422743c 07 

,988732g6C 

;79096600C 


1 37 1 3 6 5-9C 

02 

-,4029e5l6C 

06 

.40255515E 0 6 

, 2934020i;E 

10 

,89304962c 

06 

.60956086E 

Oe 

-,72864997c 

01 

-,3l852475C 

06 

.31856194C 06 

.29338236E 

11 

,62232167c 

06 

,48240343c 

08 

-,40178687c 

01 

-,25537415c 

06 

,25539465c 06 

,293368802 

19 

,44611388c 06 

,30676230c 00 

..20138949C 

01 

-.19425S28C 

06 

.194265S6C 06 

.2933J744E 

10 

,30496333c 

06 

,t94l9621C 

08 

-,10973695c 

01 

,,15341 9 01c 

36 

,1534246lC 06 

,29335026C 

10 

, 21974931C 

04 

,23239198c 

08 

-.67332514E 

00 

-.12806J29E 

06 

• 128-96672C 06 

.29334388C 

10 

.16947361C 

06 

,1»3»5092C 

08 

-, 39994233E 

00 

•,10462732c 

06 

. 1 J482936E 06 

, 29334Z26E 

10 

.12B76126C 

06 

, 19876021C 

08 

-,24783354c 

00 

»,B73730*5E 

05 

.87376310E 05 

.29333966E 

10 

,10024969c 

06 

,13232e87C 

08 

-, 1574 1546E 

00 

. .73523223C 

05 

.T3524026C 09 

, 29333774E 

10 

,79188151c 

03 

, 11139039C 

08 

-.92963186E- 

.01 

-,595l«8l9C 

35 

,99511294c 05 

,29333»98E 

10 

,60315483c 03 

, 90128705C 07 

••578j5«i2E< 

•01 

-, 4925678JC 

05 

•4»257o80C 05 

.2933J475E 

11 

•47268039c 05 

•74999043C 07 


Table C&. (Continued) 


h 57 

.00000000E- 

• 60 

h 59 

.oooooonoE" 

'30 

h 61 

. 800000002 • 

•60 

h 62 

.*00090002. 

»6 0 

h 63 

.0"0O0000C- 

•80 

h 64 

.OOOOOOOOE. 

•80 

-,637,0720E 

05 

-.51471B21E 

07 

-.45396145E 

07 

..113421792 

07 
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.99071952E 03 
;722892Z0E 03 
.89761944C 03 
.30129038C 03 
.17590252C 03 
,10494731c 03 
.60594391C 02 
.35479758C 02 
,208l992*C 02 
,120968162 02 
;70651446E 01 
.42026700E 01 
:2673eS83C 01 

,176*23862 01 
.12071432C 01 
, 86911865C 00 
.70160166E 00 
,57953656C 00 
,989126602 00 
.81909768C 00 
,368iT773c 00 
^329q663oC OO 


h 12, 3 

, OOOOOOPOE-80 
., 16735883c. 01 
-.78168236E-01 
..18431903C OU 
-.34327626C Oo 
-.563112652 00 
-,83507733 e Oo 
••12200854E 01 
-,17110493c 01 
-,21925920c 01 
••2990SUT3E 01 
26412748; 01 
-,2975o 320C 01 
«, 32978*49E 01 
-.33636030F 01 
-,32659847c 01 
•,29602280c 01 
..25915403C 01 
. .22350517C 01 
I9O776O8C 01 
• f 1015Tll9e 01 
., 13404161c 01 
-,imi 6 sic 01 
-,91007136c 00 
••73726065C 00 
-,59334134c 00 
-,477l9306C 00 
-,38536923c 00 
-,31326932c 00 

•.2S9388q9E 00 
., 21663369c 00 
. ,18077763c 00 
•, 13077125c 00 
•,12558999c 00 
•,1|512679C Qo 


h 12, 4 

.OOOOOOOOC-BO 
,58098170C.01 
.2K96S97TC 00 
,52868913c 00 
,988«8145C 00 
.14827410C 01 
, 2U17663C 01 
,28o72948C 01 
.34923807C 01 
,4l42eS90C 01 
,47*08163C 01 
, 313729T5C 01 
.52329646C 01 
.5U26016C 01 
,4860ll26E 01 
,446952T3C 01 
,39033333c 01 
, 334V5334E 01 
.28445157C 01 
,240e2254C 01 
,203000»0e 01 
•1*8931792 01 
,139ll393C 01 
,11372630c 01 
.920020242 00 
• 7*08908 7t 00 
,39977613c 00 
,96109756c 00 
:39109036c OO 
•323762*3C 00 
;27044738C 00 
;E25690*OE 00 
1186239962 00 
,13679080c 00 
, 131257Z9C 00 



Table C5. (Concluded) 


h 12, 5 


h 12, 7 


h 12 , 8 

h 12, 9 


.OOOOOOOOE' 

•80 

•OOuOOOOOE- 

•90 

.OOOOOOOOE-80 

•OOOOOOOOE* 

-80 

.14949932E 

Oft 

..203U293E 

00 

.11412901E 03 

..17109167C 

01 

,63279738c 

00 

.,86329783 E 

00 

,60439217 E 02 

..15230458C 

02 

.14627321E 

01 

-, 19899643E 

01 

.28901368E 01 

-.49T58614E 

02 

.26423066E 

01 

J9996367E 

01 

.,95378875c 02 

•,11572930c 

03 

.4l6’4648E 

01 

-.99977169E 

0) 

-.11432949E 03 

..22169639E 

03 

,6013133<>E 

01 

-./9008042E 

01 

* • 17 142334E 03 

•« 36839139E 

03 

. 8 1 1 7098°C 

01 

., 10479906E 

0? 

..22921916E 03 

•.99063799E 

03 

,1037766l E 

02 

.,12979346 E 

02 

• .2804026 1 p 03 

•;69491440 E 

03 

.12946320C 

02 

-.1934T674E 

02 

-.42480608E 03 

•.847*60996 

03 

,14258449E 

02 

_,176041X9e 

0? 

-.41697708E 03 

..12043049E 

04 

•15446217E 

02 

-.19063193E 

09 

-.36867617C 03 

■,l*79fll59E 

04 

.16145596E 

02 

..19341892E 

02 

-.33044169E 03 

•.13996889C 

04 

,U340430e 

02 

• « 1 877 1921 E 

0? 

-.32846242F 03 

•.10042986C 

04 

.159U364E 

02 

-.17799487E 

02 

-.27331663E 03 

•.73394622E 

03 

.14839226E 

02 

-,16286l66t 

02 

-.24791894E 03 

•,90977772c 

03 

tI31l376TE 

02 

-,14lB8223E 

02 

••20191987E 03 

•I30717619E 

03 

.11308762E 

02 

..12123931E 

02 

-.15920823E 03 

•.16006246E 

03 

,96709974c 

01 

-.10314011E 

02 

-.1J149222E 03 

•;107876l8C 

03 

.82097510E 

01 

», 87269998E 

01 

.. 10243030c 03 

..62647669E 

02 

,6931337°E 

01 

-,7353b628E 

01 

•.80236210 E 02 

.,36916163c 

02 

,5774i2ioE 

01 

.,6h9i6i3E 

01 

-.60928771E 0* 

•;21614242C 

02 

,47971935C 

01 

-.50379418E 

01 

..44798443E 02 

..12779247E 

02 

•3B902237E 

01 

-,4lldl876E 

01 

-•3X989484E 02 

..75321987E 

01 

.31904234E 

01 

-, 33343039E 

01 

-.23179392E 02 

•.49211398E 

01 

,29350l65 E 

01 

-,26626962 E 

01 

-,16127623 E 02 

•.26909959C 

01 

.20369925C 

01 

••*157*296E 

01 

•.10188935E 02 

..19124200C 

01 

, 1646234 1 E 

01 

-,i7419778E 

01 

..69690396E 01 

.,13092330c 

01 

»193|2820E 
• 1 1078691E 

01 

01 

•.14161021E 

..11722889E 

01 

01 

•O7322970E 01 
..14082082E 01 

a.9601 1733E 
•.75198976C 

00 

00 

.92942478E 

00 

•.97924939E 

00 

.32099346E 00 

•.61066974C 

00 

•77226673E 

00 

••81718814E 

00 

. 16766883E 01 

•.91103080C 

00 

f 64409909£ 

00 

- f 68l56929E 

00 

.28233336c 01 

•,43766964C 

00 

•93639632E 

00 

-•36797194E 

00 

.39893990E 01 

».3776 9 60lE 

00 

,449121 19E 

00 

..47926391E 

00 

.4*7667352 01 

..33467616E 

00 


105 


106 


Table 


.OOOQOOOQE-SO 
-,33ge6l76E 05 
-.147lofl5«E 06 
..3477?610C 06 
- t 642535 9 7E 06 
• , 1 037664 IE 07 
1 529381 5 E 07 
-. 2114 M 00 E 07 
-,24fl57000E 07 
-,Z39*3732E 0 7 
- , 35 1 605 1 2E 07 
-.<6fl62272E 0 7 
-.♦4372262E 07 
,,40M023lE 0 7 
-.36702017E O7 
30 34 1272E 07 
-• 2497 « 39 4 E 07 
..20162926E 07 
-,15007341c 07 
-•12545690E 07 
- f 1 0 1 66676 E 07 
-*8 1 390379E 06 
• • 65284701 E 06 
-,52226468c 06 
-* 402465 i 6 E 06 

-,31852475c 06 
-,25337415E 0 6 
-.I9425528E 06 
-,15341 9 01 e 06 
12806 329E 06 
-,10462732E 06 
•• 87375045E O5 
- f 7 332 3223C 03 
39310819C 03 
- t 4 9 236785C 03 


.QOOOOOOQE-80 
,5664J630 E 05 
,243i3Q!m 06 
,3795433 lE 06 
,10708433c 07 
, 1 7294 402E 07 

,Z5489692c 07 
,33Z44 000 C 0 7 
,4U2a333E 07 
• 39672836 E Ot 
•5860U833C 07 
, 78103786c 07 

» 7 3953604C 07 
# b69003B5E 07 

• 6 1 1 7OO20E 07 
, 303687B7E 07 
,4l630636E 07 
.33604B76E 07 
t Z6343368E 07 
•2090’484E 07 
, 1 69**46 IE 07 
.13563063E O7 
,108507B3E 07 
,B7044114 E 06 

• 67()8oB6 1 E 06 
,33087439E 06 
.4Z564338E 06 
,32375660c 06 
,4536?633 E 06 
•213436B1C 06 
.J7471219E 06 
.U56230 6 E 06 
.12253870C 06 
,99l8«699E 04 
, 6209464 1 c 05 


• 0 JOOOOOOE-BO 
-.51060417E 05 
-.2211U063E 06 
-.52262406E 06 
-.9636TUBE 06 
-.13593844E 07 
-,22 9 86240 E 07 
-,3i782536E 0? 
-.37359479E 07 
-.35956799E O7 
..52643412C 07 

-.70432879E 07 
-.66690464E 07 
-.60329812C 07 
-•33L62237E 07 
-.45602Z39C 07 
-,3754193U 07 
-.3O304397E 07 
23758057c 07 
-• 18855074 E 07 
-,15280272E 07 
. .12232760C 07 
•,96121331C 06 
-,78495139c 06 
-.60492562E 06 
-.47873512E 06 
-.36382126E 06 
*,29196106C 06 
-.23056512 e 06 
-.19247607E 06 
..15755296E 06 
-.13132Z61E 0 6 
-.U050365E 06 
-,89443345c 05 
-•74031775C 05 


Numerical D Matrix 


d l0,2 


d 12,2 


'QOOUOOOOE-' 

-80 

,000"0000c. 

• 80 

,78447520c- 

•02 

,14949932c 

00 

,31130 6 48E- 

■01 

,63;757jOC 

00 

,67066233E, 

01 

.146Z7321C 

01 

.U231666E 

00 

,26423066c 

01 

» 1616441 1C 

00 

,41694648c 

01 

,21869937C 

00 

,60151J3«c 

01 

,Z8565»o9E 

00 

.SI1T0S6UE 

01 

, 3678688 1 E 

08 

,10377661c 

02 

,42l96935C 

00 

,1ZJ463Z u E 

02 

,443216 1 9t-0 1 

•14238.49C 

02 

,.94182734 E 

00 

• 15446217 ; 

02 

-,90953304E 

00 

,16143998c 

02 

..64Z57104E 

00 

,16340430c 

02 

■ • 34314780E 

00 

.139U364C 

02 

..1163237UE 

00 

.14839ZZ8C 

02 

,74384849C« 

.01 

,13113767c 

02 

;19Z46037C 

00 

• 1 1 308762c 

02 

f 204Zft832E 

00 

,96703374c 

01 

.Z965494ZC 

00 

.8Z097310C 

01 

i 3535J976E 

00 

,69313370C 

01 

, 3334262 9E 

00 

,37741210c 

01 

.36240396E 

00 

.47371J35C 

01 

,36633751c 

00 

,38902?37 E 

01 

;34423448E 

00 

,31304234c 

01 

.31333598E 

00 

,23330169c 

01 

, 297305 1 7 E 

00 

.2#3839*»E 

01 

;iT291784C 

00 

,16462341c 

01 

:249A1367c 

00 

,13302020c 01 

.23460570E 

00 

,11078631c 

01 

f 2Z697554E 
•21933630C 

00 

,92342470c 

00 

00 

•7722667 J E 

00 

-211 1 6403E 

00 

,64409309c 

00 

,20272U74C 00 

,33633032c 00 

.19980671E 

00 

,44912119c 

00 


Vi 


d 12.1 


•14202173E 

04 

,00000000c. 

80 

,63192611c 

02 

..19496970C 

03 

,47933647; 

02 

.,16789934; 

03 

, 11266247c 

02 

., 16610308C 

03 

. 2666369. C 

02 

. ,16336694c 

03 

,682172. »E 

02 

-,1»782396C 

03 

.11211079C 

03 

•,1$0*2732C 

03 

, 16134. .8C 

03 

.,14066037; 

•114286362c 

03 

;21.7.112 C 

03 

03 

.3O146.0.C 

03 

., 1609862. C 

03 

,4.432790c 

03 

.,11067968c 

03 

•33239103C 

,3750273«C 

03 

03 

«,76088864E 

.,7U19232C 

32 

02 

.62092267C 

03 

.,6634.221 C 

02 

•67771433C 

03 

•i 69990408C 

02 

,73812710c 

03 

-,96331342c 

02 

, 80397119C 

03 

••38248287C 

02 

.B7911287C 

03 

. .26093310C 

02 

.10613831E 

04 

.,105*69862 
•■ 13191682C 

02 

.10560867C 

04 

02 

.11623184? 04 

.,91290918c 

.,69794463c 

.,433239372 

01 

,127733i7C 

.l.ioostac 

04 

04 

01 

01 

,13631829c 

04 

«,306l64l9E 
.,2*7 1 1 103C 

01 

.1830960.C 

04 

01 

,202329.8; 

04 

., U309867C 81 

>, 19610277C 

04 

.,873741932 

00 

,19.192.0c 04 

.1397072392 

00 

.21061009C 

04 

.,427*70858 

00 

•23330432C 

04 

.,26432313c 

00 

.,23424992c 

04 

.;i*90l7l0C 

00 

.,27067341c 

04 

.,94993213c 

-01 

i .31046729? 04 

•142788691 C 

>01 

<143206012 

.,S9266)94C 

04 

04 

•,1T7016«SC 

,000000002 

■01 

-80 
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Table C7. Retabulated Reference Trajectory Data 


UME(SEC) 


M*CH NUMflEP 


VlFT/5*X) 


• (Lfl/F T2 ) 


Gama (RaO 


R(FFET) 


THRUST (|_B) 


WflGHTUB) 


•QPOOOOnoE- 

■8 0 

•OflOOOOOvE- 

.«0 

*OOOnoOO«E- 

.Jrj 

• 00000000 f" 

*®0 

• 1 57 07963 E 

01 

• 2ft90 9636E 

q 6 

. 5^9999 9-9 f 

OT 

•JSOQOOOOE 

07 

.sooooohoe 

01 

t 7l263973E- 

.01 

.0O6^B5T2f 

02 

.73357528E 

01 

•I5f 76379E 

01 

.20910033F 

06 

.52U58045E 

07 

, 34 3 1 92 36 E 

07 

, 1 oOOOOOOE 

02 

• 1 4 35 1^"22E 

EJU 

• l662 4 l*6E 

03 

.31062154E 

02 

.15689525E 

01 

,20 9 10 6 53E 

08 

,52*40O2 Bf 

07 

,3363 B 514E 

P7 

- 15000000E 

02 

.225*82886 

UO 

•23637370E 

03 

.7177B342E 

02 

.155611Z4E 

01 

,20 9 U7P7E 

08 

.325417737 

07 

,3*95777 1 E 

07 

' 2Q n OOOOOE 02 

,3i3400ao E otf 

,33232600c 

03 

. 12058300 E 

03 

• 149782* 1 £ 

01 

,20913224c 

08 

,5296U620 t 

07 

.3Z277027C 

07 

, 25000000 E 

0 2 

.4oT3B«Q9E 

00 

• 43596 1 o 1 E 

03 

. ? 0 4 2 2 1 35F 

03 

.14217918E 

ol 

, 2q9 15227E 

08 

,534A5660r 

07 

, 31596264 C 

07 

# 30000000E 

02 

.51233025E 

oo 

,56793fl53E 

03 

.2941518IE 

03 

.1345000E 

01 

,20 9 1 f 734 E 

06 

. 54l 00 1 4 4 F 

07 

, 309 1 554 1 E 

07 

.35000000E 

02 

•628100OJE 

oo 

•690b 1200E 

03 

• 39*. UBOOf 

03 

* 127 lfl 0*OE 

01 

•20 9 20 7 69E 

P6 

,547a3?40E 

«7 

.3023479BE 

07 

.40000000E 

02 

■ 75950*i0E 

DO 

•02300800E 

03 

•5052B700E 

03 

•12034743E 

01 

.209Z8343E 

98 

.55509171F 

or 

,29354U55E 

07 

‘48000000c 02 

•903311 9 3 E 

00 

,9667616'>e 

03 

,60908063c 

03 

,11345602c 

01 

,20 9 Zb467c 

68 

,56Z5l04Z f 

07 

,28873312c 

07 

.30000000E 

02 

• 1 05465B6E 

• 1 

, 1 1 0787*7E 

04 

•69034707E 

03 

,l065ftOl4E 

01 

.209330B7E 

• 8 

.36975362F 

07 

b 2019256 9 E 

07 

55000000c 

02 

,121 792 1 Be 

01 

.12500QA3E 

04 

.74559326E 

0? 

, 995 966 vl E 

00 

,20930136c 

08 

,57652369 t 

07 

,27311 326E 

07 

. aOOOOOOOE 02 

.I4OO7OOOE 

Ol 

,1«00I 7 ?*JE 

04 

•77749300f 

03 

•92737268E 

00 

.Z0943564E 

08 

•58263723F 

07 

.268J1083F 

P7 

.65000000E 

02 

•160B6496E 

OL 

•15639045E 

04 

•785l7f B5E 

03 

.86066282E 

00 

, 2094 9 33 1 E 

00 

•>6797317F 

07 

,261 30341C 

07 

.70000000E 

02 

• 1 6^079 1 7E 

01 

•174B4618E 

04 

,763 9 0U 9 7C 

03 

,796*7360E 

00 

,20 9 53420E 

08 

,5 9 i442 6 7E 

07 

, 25469596 E 

07 

.75000000E 

02 

.20S7Sl«dC 

01 

•193T3B80E 

04 

.7109 1 200E 

03 

,7345 9 163E 

00 

• 2096 1 825E 

08 

, 59602436E 

07 

,?4 7 B6834E 

07 

a 00000000 E 

02 

| 232flU73E 

0] 

# ?193336ue 

04 

,6^69260BE 

03 

,67676374£ 

00 

, 2096 B338E 

08 

.3967M56E 

07 

,241061 ll E 

07 

!a?OOOOOOE 

02 

•257 4 B649E 

01 

•24570369E 

04 

,539Bi55uF 

0 3 

•622918E0E 

00 

,20975956E 

0 8 

• 60071 321 E 

07 

•23427367E 

07 

.90000000E 

02 

•28429080E 

01 

• 27 484 l 3 3E 

n 4 

.46124000E 

03 

•57314867E 

00 

,?0962868F 

06 

,60?ll780E 

07 

,2?746625E 

07 

.95000000E 02 

.313537B6E 

01 

, 3066 1 4 3 9 E 

04 

. 3 9 1 3 7 Ci36E 

03 

•52736866E 

00 

,2O 99 0455E 

08 

,603U 9 425 f 

07 

,260658822 

07 

« 10000000E 

03 

.343BM19E 

•1 

i 34095731 E 

04 

.33032523E 

03 

,48539838E 

00 

.2099BZ90E 

06 

,60^890367 

07 

,213651 35E 

07 

,10500000c 03 


•377802?0 e 

04 

•27512000 E 

03 

•44696137E 

00 

,21006331c 

08 

.608Z9349E 

07 

.20704396E 

07 

• 1 1 000000E 

03 

• 4i3«()9n6E 

01 

• 41 7 1 4257E 

0« 

•22663366E 

03 

•41101809E 

00 

• 2l0l^i 2 E 

08 

,6o s 55Z9U 

OT 

,20O236j3E 

07 

t 115000nOE 

03 

,448fl5733E 

01 

, 45880 1 q2E 

04 

.18531610E 

03 

•37968002E 

00 

,21o23042E 

06 

,59448291 E 

07 

, 1 934 5 J07E 

07 

.12000000E 

03 

•4fl3o5000E 

01 

•50140660E 

04 

• 1500660® E- 

C3 

.35 n 25267E 

00 

, 2 1 031 59 9 E 

08 

. 57*70769E 

07 

, 186631 1 3F 

07 

.12500000E 

03 

,51B?6889E 

01 

•544392n3E 

"4 

.12074742E 

03 

•32317312E 

00 

.21O40Z27E 

06 

, 53 1 03832E 

07 

.180J2963E 

07 

,13000000? 03 

,39Z»9737e Ol 

,58777667c 

04 

•97099917c 

02 

,290l 9 822c 

00 

,2l088670E 

• 8 

.330738741 

07 

.17454U07E 

07 

• 1 3500000E 

03 

•96748000E 

01 

•63152980C 

04 

• 7 8 4 1 0 0 OOC 

02 

•2T504684E 

00 

,21 057478E 

• 8 

, 3 1 1 4502 If 

07 

,16857015E 

07 

14000000c 03 

# 623 7 746lE 

01 

,67961079E 

04 

,63 7 4l7l7C 

02 

f 23357033C 

OP 

# 2l066*08E 

• 0 

,4 9 J308B3f 

07 

, 16291264 E 

07 

.I45OOOOOE 

03 

•66621 19flE 

01 

•72003297E 

04 

•52766682E 

02 

• 2335808 1 E 

00 

,2l074MOE 

08 

.476U036E 

07 

.13745362E 

07 

, 1 5000000E 

03 

f 7l359«»'H 

01 

•76474390E 

r>4 

.44J77G00E 

02 

, 2 1 493730E 

00 

, 2 1 06266 1 E 

• 8 

*45966 1 1 5f 

07 

,l52i6493C 

07 

f 135000OOE 

03 

.763 8 264 9 e 

01 

.80 9 74683e 

04 

,36782120c 

02 

,19752322e 

00 

,2109^>73e 

08 

.443 B 36 9 6F 

07 

• 1 470 9 3$6E 

07 

. 16000000E 

03 

• 8165691 1 C 

01 

•09499499E 

04 

.30677388C 

02 

•181Z7864E 

00 

,21698763c 

• 6 

.420671367 

07 

,142if37lE 

07 

16900000c 03 

t 87l73*M E 

01 

#9 004 9 870c 

04 

,25546000c 

02 

,16599026c 

00 

,2110611 8C 

08 

,41 4Q4 768[ 

07 

, 1 f 7440 T6E 

07 

• itooooqpe 

03 

•9 2 7®4009E 

01 

•94479J50E 

04 

• 2 139 1 0 0 0 C 

02 

• 1 32 1 4035E 

00 

• 2U13189E 

• 6 

.400434397 

07 

•1329990AF 

07 
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Table C7. (Continued) 


T I ME ( SEC) Dw/IU mtSlUG-FT2> | ff I*r I„ XCM(FEET) Z cm 


, 000000 00*. 80 
.SoOOOOOOE 01 
,10000000c 02 
, 1 jOOOOOOE 02 
,20000000C 02 
,25 B 00000c 02 
• SOOOOOOOE 02 
,35000000c 02 
;40000000C 02 
,45000000c 02 
,50000000c 02 
,55000000C 02 
,60000000C 02 
.65000000E 02 
.70000000C 02 
;75000000C 02 


,80000000c 02 

-85000000c 02 
.90000000E 02 
;95<)00000C 02 
.10000000C 03 
.10500000C 03 
,110000002 03 
.iiSoooooE 0 3 
,12000000C 03 
,12300000E 03 
.13000000C 03 
,135000002 03 
;l4000000C 03 
,145000002 03 
,13000000E 03 
.15500000C 03 
.16000000C 03 
.18500000C 03 
17000000* 03 


•,13814800c 05 
-•13814853C 03 
..13614882C 05 

• • 1 3$148 4 7C 05 
• t l38l4879C 05 
•,13614694c 05 

• • 138l48*8C 05 
. .13814866C 05 
•• 13(148622 05 
••13614864C 05 
•.13614847c 05 
..136148T7C 05 
.,13614839E 05 
••13614864C 05 
•.13614885E 05 
••136l48 3 7C 05 
., 13614880C 05 
•,13614862E 05 

••13614025C 03 
..13614913C 05 
..13614814C 05 
-.13615914C 05 
.,136122962 05 
•• 1 345278QC 03 
., 12919420C 05 
-•12392889E O 5 
••11963160E 05 
..115210242 05 
«,llll2909f 05 
.,10724635c 05 
••10358926E 05 
.,99846827c 04 
-.96637333C 04 
..90315293C 04 
•,93507525c 04 


,37133000c 09 
.3539a000E 09 
, 33535000C 49 
.34T85O0OC O9 
,340220002 09 
,33254000c 09 
. 3250 lOOOE 09 
.31741000C 09 
.3O980030E O9 
, 30217000C 09 
,29447000c 09 
,286720002 09 
,278890002 09' 
•27096000E 09 
,262820002 09 
,2»4T5000E O9 
,246420002 09 
,23791000c <9 
•223229O0E O’ 
,220310002 09 
.211170092 O9 
,201730002 09 
, 19200000c 09 
,}8064226C q 9 
,16431352c 09 
« 1528777 1 E O9 
.148735072 09 
,14319531c 09 
•13271639E 09 
,12135563c 09 

• 11 1 165«'9E 09 
.101057672 09 
,906iie30r Oe 
,807410802 08 
,70614292c 08 


,30492000c Oe 
, 30363000C 08 
, 30227000c 08 
.30087000C 08 
,299400002 08 
,26787000c Oe 
,29628000c 08 
,29461000c 08 
.297660002 08 

,291030002 08 

.289120002 08 
,287100002 08 
,28499000c 08 
,282760002 08 
,28042000c 08 
,277*50002 08 
,275330002 08 
,27256000c 0 8 
,269380002 08 
,26692000c 08 
.283*00002 0« 
,25987000c 08 
.255890002 Oe 
,851*24152 06 
,24779173c 08 
,243487512 08 
,23901617c 08 
.2343*3022 08 

,22958454c 00 
,224498082 >1 
,219244692 08 
,21419331c 08 

t! 

,1*7896672 Op 


,36551000c O9 
,357710002 09 
,34999000c 09 
,342440002 09 
,334990002 09 
,32743000C O9 
,320050002 09 
,31*6*000* 09 
, 3 0 5 l60go2 0* 
,*97740002 09 
,*90*30002 O9 
.28268000C 09 
, *750e000c O9 
,267350002 09 
,25955000c 09 

;Hw:m s; 

# 2333*0G0E 0 9 
,22699000c 09 
,21 633000c O9 

s; 

.19109000c 09 

,18160964' 09 
.17*11873* O9 
,16*572362 09 
,15*955472 O9 

• 143*8675* 0* 

,13359002c 69 
,1*386*75C O9 


114118992 09 
104306992 O9 
945.43472 08 
8495614*2 08 
7539054*2 Oe 


,47900000* *8 
,46102941c 88 
,44705882c >8 

.433088*42 68 
,419117652 08 
,405147062 *8 
.39H7647E 68 
,37720588* «6 
,363*35*92 o> 
, 34926471C *8 
,335*941*2 08 

.32132353E 88 
.30735294* 68 
,29338235c 88 
27941176c *8 

:: 

,*3750000* 6e 
,223529412 88 
, *0959882* *8 
.195588*4* |8 
,lel6l765E *8 
•16764706C 6e 
,153676472 88 
.13970588* 8e 
,125735292 88 
;ill7647lc *8 
.977941182 67 
163823529C 87 
•6985>94lC 87 
.558823532 87 
, 41911765c 87 
. {7941.762 
,13970488* 87 
.000000002.88 


.910500602 02 
•9**50000* 0* 
,93469690C 02 
,9468**602 02 
, 959 1 06602 0* 
,97179066c 0* 
•96430060* 0* 
,997106662 02 
.10107660C 03 
•10235666C 03 
,10371660* 03 
, 10515866E 03 
, 1 0657009E 03 
•10798663E 03 
, 109476692 03 
,11102666c 03 
,11261666c 63 
,114*5966* 93 
•11 3 96660E 03 
.1I773860C 03 
, 11967900C 03 
,12159688c 03 
, 12351966c 03 
, 12558373c *3 
,1*7703682 03 
• 1 *987343C 03 
, 1 32"9437C 03 
,13434102c «3 
• 13662466C 93 
,13896368c 03 

•14143457* 03 
, 143919B3C 03 
.14640497* 03 
,148963(52 63 
,15154471* 93 


,77469000c 01 
.79P00000C 81 
,866060001 01 
.82(960001 01 
.846000001 01 
,85806000c 01 
,67706000c 01 
,69700000c 01 
,*1709000C 01 
,93966800* 01 

,96269004* 01 

.98666000C 01 
,16110000* 02 
•1(3700002 02 
.10650000C 0( 
•10950008C 02 
,11(60000* 6( 
,11986006* 02 
, 119380001 02 
,123000091 02 
, 12700000C 02 
,131(00062 0( 
.135660001 02 
•14031636C 92 
,14925496c 82 

• 15636091* 0* 
,15563566* 02 
.1611(398* 62 
,166899362 62 
,172|1276C 62 
,17666577* 62 
,16537247c 02 



.(6577866C II 





TIME <SEC) 


.OOOOOOOOE-80 
.50000000E 01 
.10000000E 02 
.15000000E 02 
.2000000QE 02 
.25000000E 02 
.30000000E 02 
.35000000E 02 
•4000000QE 02 
.4500000QE 02 
.50000000E 02 
.55000000E 02 
.60000000E Q2 
.63000000E 02 
,70000000E 02 
,75000000E 02 
.80000000E 02 
.65000000E 02 
.90000000E 02 
.95000000E 02 
.10000000E 03 
.10500000E 03 

• 1 1000000E 03 
•11500000E 03 
• 12000000E 03 
•12500000E 03 
.13000000E 03 
.13500000E 03 
•1400000QE 03 

• U500000E 03 
.15000000E 03 
.15500000E 03 
• 16000000E 03 
•16300000E 03 
.17000000E 03 


Table C7. 


. 156155E 01 
• 155&13E 01 
■ 15605SE 01 
.153979E 01 
.146649E 01 
.138831E 01 
.132879E 01 
.126778E 01 
• 1 19785E 01 
.U2018E 01 
.104276E 01 
.975836E 00 
.918401E 00 
.861390E 00 
.799539E 00 
.736354E 00 
.674571E 00 
.615547E 00 
.559856E 00 
.5067S0E 00 
.453905E 00 
.397841E 00 
.345105E 00 
.309578E 00 
.290189E 00 
.266438E 00 
.229375E 00 
• 186608E 00 
.147316E 00 
.120B81E 00 
.106916E 00 
.835837E.01 
.436393E-01 
.236275E.02 
-.236143E-01 


(Concluded) 


% 


-.925025E-02 
-.951153E-02 
-.B37053E-02 
-.163191E-01 
-.313296E-01 
-.334858E-01 
-.162107E-01 
-.402818E-02 
-.562295E-02 
-.143733E-01 
-.223243E-01 
-.201309E-01 
-.917139E-02 
.727108E-03 
.348499E-02 
.176200E-02 
-.219303E-02 
-.737141E-02 
-.132927E-01 
-.206182E-01 
-.314932E-01 
..491201E-01 
-.667141E-01 
— 701023E-01 
-.600641E-01 
-.567349E-01 
-.688188E-01 
-.864386E-01 
-.106254E 00 
-.112699E 00 
•.108022E 00 
-.U3940E 00 
..137639E 00 
-.163636E 00 
»• 175755E 00 


-.829977E-03 

-.243741E-03 

.232946E-03 

-.676157E-02 

-.146832E-01 

-.155121E-01 

-.150493E-01 

-.140857E-01 

-.135885E-01 

-.139067E-01 

-.138491E-01 

-.137819E-01 

-.135550E-01 

-.131788E-01 

-.126311E-01 

-.119439E-01 

-.U1758E-01 

-.103611E-01 

-.9549B2E-02 

-.876794E-02 

-.803059E-02 

-.735039E-02 

-.671767E-02 

-.6U686E-02 

-.563B94E-02 

-.519871E-02 

-.480318E-02 

-.445871E-02 

-.413977E-02 

-.3I5986E-02 

-.360281E-02 

-.336217E-02 

..315020E.02 

..2B9464E.02 

-.279137E-02 
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Table C8. Pitch Damper (cl) Covariance Results 


MEAN RESPONSES (1) 


t 

delta 

DDELTA 

NSUBIT 

DNSt'BIT 

<HLF 

ODALF 

07 

2 


1 

»OOOE»gO 

;oooe- 8 p 

.OOOE-eO 

.OOOE-aO 

.O00F-80 

.OOPE- 3 O 

.OOOE -80 

.OnOEc 

> 8 U 

2 

. t 1 37E»05 

,102E,03 

.108E-0Z 

.236E-02 

.457E-L2 

.349E-02 

-.915E-03 

-,877Ec 

,03 

3 

** 102E-02 

-.75SE.03 

. 105E-01 

— . 699 E-O 2 

» 36 1 F on 

.979F-0J 

-.531E-01 

-.U2E 

00 

4 

.'324E-0? 

• , 655E-03 

.603E-02 

- • 1 4 4E-" 1 

.1160 01 

. 231 E 00 

.884E-01 

-.246E 

00 

5 

-, 604E-02 

.824E.04 

-.217E-01 

-.195E-01 

, 2 Z 6 F 01 

,473e 00 

. 1 27E 01 

,240e 

01 

6 

-»072E*O2 

.lllE-02 

-.802E-01 

-.207E-01 

•347F 01 

. 085E 00 

.483E n l 

.162E 

0? 

7 

»» 107E.01 

, 2 1 7E»0 ? 

- . 1 4 7 r 00 

-.679E.C? 

. 4 55E 01 

.155E 01 

. 1 2 4 E 0? 

.569E 

02 

a 

-,126E«0l 

.274E-02 

— i 30ZE 00 

.124E-01 

.5276 01 

,24?E 01 

. 2 56E 02 

, 1 48f 

03 

9 

1A0E-01 

.361E-02 

-,662E 00 

. 8 1 9E-03 

•577E Cl 

.363F 01 

. 4 6&E 92 

.324E 

03 

10 

* 1 1 0fl£»0 1 

.533E-02 

-.391c 0° 

.477E-01 

.B43f 01 

•572p 01 

. 7 5 9 e 02 

,627e 

03 

li 

»» l 3 lE»01 

.298E-02 

♦747E-01 

-.929E-01 

• 993E 01 

•556E 01 

. 1 C 5 E 03 

.109E 


12 

. , 154E.01 

.324E.02 

..484F 00 

..4?5E or 

.829E 01 

.63*£ Ol 

. 1 48E 13 

.172E 

0* 

13 

-.154E-01 

.499E-02 

-* 1 32E 01 

-.615E OC 

.769E 01 

.913E 01 

. 2 C 0 E 03 

.259E 

04 

14 

** 123E-01 

.534E-C2 

- * 1 74E 01 

-,2r7E or 

. 6 4 4 F Cl 

. 56 1 E 01 

. ?65E 03 

.374F 

04 

13 

- »63 1 E»02 

,383e-02 

-.180c 01 

,2S0E CO 

.153e 01 

«.217f 01 

. 3 4 3 e 0 3 

.526e 

04 

16 

-.743E.03 

.197E-02 

-* 1 42E 01 

,3ilE 00 

• 7P8E 00 

-• 754E «1 

.43CE 0^ 

. 7l BE 

OA 

17 

.168E.02 

.387E.03 

.,86«C 00 

. 1 34E OC . 

• ,7?1E 00 

-.796E 01 

.523E 03 

.956E 

04 

ia 

•104E-02 

*• 163E-C3 

» . 349E 00 

.817E-02 - 

1 . 55 1 E 00 

-.549E 01 

.62o£ 03 

. 124E 

05 

19 

-.772E-03 

.687E-04 

• 3 34E-0 1 

.342E-02 

.668E OC 

-.226E 01 

,7?1E 03 

.158E 

05 

20 

• * 1B3E-02 

.596E-03 

.?59E 00 

, 2 1 5 E • 0 1 

.i960 01 

. 155F 00 

.627E 03 

.I 96 E 

05 

21 

-.226E-02 

.884E.03 

.404C 00 

.752E-01 

. 297E 01 

» 1 62f 01 

. 9 39E 03 

,240E 

05 

22 

- t 2 14E-02 

t 986£.03 

,466F 00 

. 1 04 e or 

,347E 01 

.195e 01 

.n6E 04 

,?9"E 

05 

23 

• * 1 67E-02 

.945E-03 

•474E 00 

.8O9E-01 

» 34 2E 01 

.146E 01 

. 1 1 ©E 04 

.346E 

05 

24 

.,HDE-02 

.761E.03 

. 4 5 0 E 00 

.5450-01 

.305F 01 

. 8 c ? E 00 

. 1 32 F 0 4 

.409E 

05 

23 

-.6HE-03 

.524E-C3 

,407f 00 

,233E- n l 

.2586 01 

• 3&2f 00 

. 1 4 5 E 04 

• 4 78E 

05 

26 

-.311E-03 

.296E-03 

,362C 00 

-.775E-C? 

. ? 1 OF Cl 

• 3 9 8 E - 0 1 

.159E 04 

.554E 

05 

27 

-#890e-OA 

.189E-03 

,332 C 00 

,3e5E-03 

» 1 7 3e Ol 

,356.e-ni 

.172e 04 

. 636 E 

05 

2 ft 

» ll5E-o 3 

• 1 1 5E-o 3 

• 3 C 2 E 00 

,923E-"3 

01 

.335E-Q1 

. 1 86 E 04 

• ??6E 

05 

29 

, 234E.03 

.920E.05 

,2PJC 00 

.4P7E-02 

.12 IE 01 

.166E-01 

.2C0E 04 

.822E 

OS 

30 

t30 8 E-03 

-.433E-C4 

.267E 00 

.7 6 B,E-0? 

.IO 4 F 61 

.U5E-01 

. 2 1 3E n 4 

. 926E 

05 

31 

• 396E-03 

-.572E-C4 

. 255F 00 

-.379E-F2 

.899F u p 

. 155E-31 

.227E u 4 

. 144E 

06 

32 

.455E-03 

• ,977e— C4 

,244c 00 

,?l7E-02 

»775p CO 

.llAp.Ol 

. 2 4 1 E r 4 

. 1 1 5 e 

06 

33 

.487E-03 

. , l 26E-03 

, 2 3 1 E 00 

. lfllE-02 

. 66 7F 00 

.139F-01 

. 2 5 4 F 04 

.128E 

06 

34 

, 51 3E-03 

-.137E.03 

,23bE 00 

.I 7 OE-C? 

,571 E 0" 

, 74 1 E-02 

„£60E 04 

, 1 4 1 E 

06 

33 

•532E-03 

-.147E-03 

. 254 F 00 

.I 57 E-O? 

. 49 IE CO 

•656F-C2 

.2ME 04 

. liAE 

06 
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Table C8. (Continued) 


MEAN 


t 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

1 7 

18 

1 9 

20 
21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 


■ 


RESPONSES 

IB1 


,000E* 

‘80 

• • 876E 

04 

-,919E 

05 

• * 299E 

06 

• » 653E 

06 

-. 1 10E 

07 

-* ISflE 

07 

-»193E 

07 

• * 1 9 8E 

07 

-.250E 

07 

„.4O0E 

07 

-*403E 

07 

— » 3 1 8E 

07 

-.220E 

07 

— • 1 0 2 E 

07 

- * 1 77E 

06 

.l7 3 E 

06 

,125E 

06 

-.139E 

06 

-,408E 

06 

- t 6Z9E 

06 

• * 7 38E 

0* 

-,744E 

06 

•»68lE 

06 

• * 574E 

06 

• 1 475E 

06 

-.404E 

06 

..335E 

06 

-«287E 

06 

,.258E 

06 

-#231 E 

06 

- » 2 1 OE 

06 

•,191E 

06 

•• 169E 

06 

..152E 

06 


( 1 ) 


0181 


. 000E» 

►00 

,.226E 

Os 

.633E 

05 

.776E 

05 

.367E 

05 

..622E 

05 

-.237E 

06 

-.410E 

06 

-.672 E 

Of 

— • 1 2 ?E 

07 

- , 974 E 

06 

-« 1 27E 

07 

-.201E 

07 

1 55E 

07 

-.338E 

06 

.667E 

06 

• 112E 

07 

. 8 6 3 E 

06 

. 3 2 7 E 

06 

- . 5 6 6 E 

05 

•,?57e 

06 

300E 

06 

-.240E 

06 

-.150E 

06 

-.*21E 

05 

• . 2 8 0 E 

0 R 

-.2?0E 


-.194E 

05 

— • 1 1 6 E 

05 

..730E 

04 

••866E 

04 

-.581 E 

04 

-.333E 

04 

-.277E 

04 

-.220E 

04 


IB? 

.onuE-fiO 
-.136? 05 
,567f 00 
, l 80f 07 
« 3 ) 9E 0? 
, 4 34F 07 

• 4 94 £ 07 
,57uE 0 7 
. 6 8 C £ 07 

• 3 5 1 E 07 
, 260 E 07 
» 42 1 F 07 
.S^OE 07 
,*05f 07 
,?77F 07 
,232F 06 

• • 9 9 i)E 06 
-,525E 06 

• 3 I 4F 06 
« 6 1 4f“ 06 
, 54 6F 06 

• 287F p6 
-,60*F 05 
-.359F 06 
-.524£ 06 
-,57l£ 06 

— •61 IE 0 6 

— , 6 4 0 £ 06 

• * 64 4 E 06 

-«64BF 06 
«.665f 06 
-,672f 06 

-,662f 06 
“ • 6 4 4 F 06 
- • 6 3 0 E 06 


nlb2 

.OOoE'80 
-.HUE G6 
. 85 RE 06 
, 1 26E 07 
« 1 ?9E 07 
. 96 4 E *6 
. 340E 06 
.51 IE 05 
- . 7 0 0 C "6 
-.350C C 7 
- . 9 4 0 E 96 
-,]l5t 07 
- . 3 6 2 E 07 
-.376F 07 
• . 1 94E 07 
• , 1 37E "6 
• 123 e 0*7 
•133E 67 

. 66 OE Of 

— • 1 26 E u6 
-.572E '-‘6 
« , 7 4 4 E jfc 
-.717E 06 
-.557E 06 
-.378E 06 
-.I 9 OE '-'6 

- . 1 5 1 E 06 

1 38E 06 
-.7a8E 55 
-.479E U5 
-.5?3t 05 
-.372E k 5 
- , 1 96 E 
-.162^ 05 
121E 35 


1 «3 


• 0 J J E • 

►fin 

-.nsr 

0 5 

.USE 

H7 

• 3 3 3 E 

07 

.6^75 

07 

,653E 

0 7 

. it l F 

ti 0 

. 1 1 8E 

/ p 

. 1 36f 

OB 

. 8 9 C F 

07 

.627F 

07 

. .1 ?. 0 E 

wB 

. 1 3 2 E 

0 p. 

. 1 Uf 

UP 

. 5ft4F 

07 

, 0 0 2 F 

06 

• . 1 7 0 F 

U 7 

-.102F 

07 

• 6y2F 

06 

.152E 

0 7 

, 1 6 9 F 

07 

. 139C 

u7 

. 827F 


• 25bE 

-6 

- . 1 5 F> e 

0 6 

- . 3 5 0 F 

06 

-.534F 

06 

-.‘>38F 

0 6 

“ . 7 0 4 E 

0 6 

- . 7 4 7 E 

06 

- . 8 0 9 F 

w 6 

-.346F 

06 

- ,855e 

06 

-.852? 

06 

-.85QE 

06 


niR3 

• 0!i9E-80 
1 5 3f 06 

• 134E 97 
. 2 f ' 1 e 07 
•2u B E 07 
. 1 67 E 07 
. 8 5 c F j 6 
.597F 06 
— •31 3 E. 36 
-.425E 07 
• , 3 4 7 E Ob 
-.301F 06 
-.344E 07 
-,427 f 07 
-.276f 07 

• , 1 ” 4 £ 07 

• 640E 96 
, 1 1 ?E 07 
•68?E 06 

•« 1 39F 06 
-,625p 06 

• • 8 5 2 E 06 
-.896E 06 

• • 7 3 1 F. 96 
•»5?2E 06 
-.?7<>f r. 6 
-.?22E 1)6 

- . ? 1’ 3 E t)6 
•• 1 1 li£ 06 

• • 6 9 0 E ii 5 

• • 8 4 0 E 05 
-.54TF 05 
-.?83e 05 
-• 23 1 r 05 

-. I 73E 05 
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Table C8. (Continued) 


RESPONSE CqVARIA N CE5 (1) 
T delta DElTA*OE|.TA 

DDELTA 

L'ZnoT 

PELQ 

AX 

A& 

A Z 


1 

. 0008-80 

.000E-8P 

,0098-80 

. 0 0 1 E ■ 

■8 H 

,0cU f -8C 

.(j!UE-©0 

. t Lf'E-RO 

. OOPEoBO 

2 

•2148-08 

.111E-06 

« 8 7 3E-q5 

. 7 ( ' 4 E - 0 3 

• 3 1 3 F - C 8 

. 1 1 3E-06 

. 757E-..7 

- 1 1 2 E = 

- 0 2 

3 

,5898-04 

..274E.U5 

.217E-04 

. 24 1 E-0 1 

. 104F.C4 

. 8 ? °E-06 

.662E-F4 

. 1 2 8 E 

01 

4 

•894E-04 

-.1088-04 

* ] 0 0 E - 0 3 

.7q3F 

01 

.156F-U4 

•122E-03 

. 7 3 fc E - »' 3 

. 1 3flF 

02 

5 

• 1088-03 

..287E-04 

.247E-03 

. 1 r> 5 E 

0 3 

. 1P8F-04 

.853F-33 

•223E-92 

. 1 1 5 E 

04 

6 

.lZlE-03 

-.374^-04 

.490E-O3 

.5? 1 E 

0 3 

. 21 1 F-t 4 

.?54 f -9? 

.47CT-C2 

. 1 2*>e 

H5 

7 

.128E-03 

-.493E-04 

. IOOE-02 

,U9F 

C 4 

.222F-C4 

.529E-02 

. 8 1 5E-0? 

.730E 

05 

8 

,145E-03 

..662E-04 

.198E-02 

.433E 

0* 

.Z53E.14 

.915E-02 

.126F-01 

.284 E 

06 

9 

•1598-03 

-.6778-04 

.306E-02 

.959E 

QA 

.2778-04 

• J42F-01 

.1828-01 

.879E 

06 

10 

.&41E-04 

..812E-04 

»27 IE-02 

.186E 

05 

. 144F-Q4 

.2P0E-D1 

.23f-8-i>l 

.?3lE 

07 

11 

• 1 19E-03 

.;i35E-03 

.721E-02 

.31 3E 

05 

. 2 0 8 E • 0 4 

.256 F -Ol 

.269E-01 

. 528 E 

07 

12 

.191E-03 

-.2P5E-03 

. 17UE-01 

.488E 

u5 

.336E-C4 

.3MF-01 

.35AE-C1 

. 1 r 6 E 

06 

13 

.Z01E-03 

..300E-03 

. 163E-01 

,739E 

05 

.35UE-L4 

, 3 7 8 E - 0 ) 

.422E-H 

.203E 

08 

14 

.1688-03 

-.2458-03 

• 121E-01 

• 1P9E 

06 

.291E-04 

.447F-01 

. 4 8 3 F - 3 1 

. 36 1 E 

08 

15 

• 121E-03 

-.1668-03 

.777E-02 

.157E 

06 

. 2C8F.U4 

»514f-u1 

.634E-01 

. 6 1 OE 

08 

16 

,6928-04 

..8748-04 

,3538-02 

.22CE 

0 6 

.II9E-O4 

.577F-01 

.5808-01 

.993E 

08 

17 

.395E-04 

-.405E-04 

. 138E-02 

.303E 

06 

.6788-15 

.633F-01 

. 6 2 4 E - 3 1 

. 1 56E 

C9 

18 

.233E-04 

• jlfl9E»04 

, 494r-03 

.41 OE 

06 

.399E-D5 

,66?e»01 

.664E-01 

.2P9E 

09 

19 

•130E-0 4 

-•9l7E«o5 

. 172E-03 

.545E 

C6 

.224E-0? 

.725F-CM 

. 6 95 E-0 1 

, 3 5 7 E 

09 

20 

, 7 1 8E-05 

..468E.C5 

.556E.04 

,71 2E 

06 

J23F-PE 

.761 E-0 1 

, 7 2 8 E-0 1 

,5??E 

U9 

21 

.4OOE-O5 

•.240E-05 

, 1 rbE-04 

.915E 

0 6 

.684F-0(. 

.79IE-OI 

.7518-01 

. 746E 

09 

22 

,2218-05 

-.128E-05 

,67iE-05 

, 1 16E 

07 

.378E-L6 

.815E-01 

.769E-01 

. 1 0 5 E 

10 

23 

• 1 1 1 E -0 5 

-.6P0E-06 

,232e-05 

• 1 4 5£ 

07 

. l89F-i.‘f 

•834£-Jl 

. 7 a3 E-0 1 

. 145e 

10 

24 

• 478E»o8 

,.327E-o6 

.741E-0P 

.176E 

C? 

.81 1F-07 

•P5cE-ol 

. 7 9 2 E - 0 1 

.197E 

lo 

25 

, 162E-06 

..131E.06 

.216E-06 

.216E 

07 

, 27 3E.07 

, 86?E-0 1 

.799E-C1 

.265E 

10 

26 

•482E-07 

-.428E-07 

•572E-07 

• 257E 

n 

.8C7E-08 

. P72E-Q 1 

-eocE-c 1 

.350E 

10 

27 

.430E-08 

..874E-08 

,1878.07 

• 3 0 3 E 

07 

, 666F-69 

•B79E-01 

.et»4E-oi 

.455E 

10 

2fl 

.786E-08 

.781E-06 

• 8 1 8E"08 

.352e 

07 

. 1 4 8 E — 08 

.884e-OI 

.6O4.E-01 

• 565e 

10 

29 

.337E-07 

* 147E-08 

.220E-08 

.404E 

C7 

■5V9E-08 

.88PF-01 

. 6 8 2 E - 0 1 

.743E 

lu 

30 

,607E-07 

-.812E-08 

,337r-08 

.4fcOE 

07 

.106E-07 

.890e-o1 

.799F-01 

.933e 

10 

31 

•103E-06 

•.144E-07 

»408E-o8 

• 520E 

G7 

. 18iE-07 

.89) F-01 

.796E-01 

• 1 1 6 E 

11 

32 

.139E-06 

..291E.07 

.744E-08 

.583E 

07 

.2«3E-C7 

,891 E— Ol 

.792E-C1 

.143E 

11 

33 

» 1628-06 

A X2E-07 

• 1 1 2F-07 

.650E 

U7 

,2628-07 

.89)8-01 

• 7 86E-01 

. 174E 

11 

34 

, 182E-06 

„;480E-07 

.129E-07 

.720E 

07 

.317E-07 

•889E-01 

.783E-01 

. 21 OE 

11 

35 

t 198E-06 

-.542E-07 

, 149E-0? 

.79lE 

07 

.344F-07 

,887 E -91 

.778E-01 

.2518 

11 


.tec* 
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Table C8. (Continued) 


RESPONSE COVARIANCES (D 
t nH NIT*DkIT 

DNIT 

0»lF 

qalf*dqaif 

DOALF 


1 

»OOOE»SO 

. 000 E -80 

•OOOE-80 

.000E»8fi 

.OOOE-8C 

•OGOE* 

>80 

2 

• 6 A 8E— 0 3 

;i48E.02 

, 331 E-02 

, 1 1 6E-0 1 

, 49QE.02 

.529E. 

.02 

3 

.296E-02 

.338E-02 

•577E-02 

•577E 01 

.289E-01 

, 1 9 A E 

00 

A 

'210E.01 

.394E-02 

•734E-02 

. 970 E 01 

. 3 1 IE GO 

. 1 46E 

01 

5 

.254E-01 

. 1 59E»02 

.276E-01 

•135E 02 

,904 E 00 

• 633f 

01 

6 

« AB1E.01 

•291E.02 

• 900E-0 1 

•172E 02 

• 1 63E Ul 

• 222E 

02 

7 

• 1 32E 00 

•657E-02 

, 279E 00 

.21 4E 02 

,24lE 01 

. 7 2 3 E 

02 

8 

•2S0E 00 

.lllE-0! 

•636E 00 

.2432 02 

. 30 1 E 01 

• 1 9?E 

03 

9 

•32SE 00 

;i79E-0l 

• 1 04E 01 

.267E 0? 

,363E 01 

.422E 

03 

10 

•736E 00 

-1 1 33E-01 

.229E 01 

.508E 02 

.602E 01 

• 076E 

03 

11 

* 187E 01 

-. 152E 00 

•720E 01 

• 64 IE 02 

-.432E Ul 

• 186E 

QA 

12 

,183E 01 

.;59«e 00 

,357 E 02 

.474E 02 

-,603f 01 

.361 e 

OA 

13 

»137E 01 

-• 426E 00 

•378E 02 

•4p9E o2 

.316E 01 

• 5B6E 

OA 

1 A 

1 1 5 8 E 01 

..363E 00 

•217E 02 

.36«E 0 ? 

. 1 HE 02 

.660E 

04 

15 

• 1 17 E 01 

-.254E 00 

•720E 01 

.2 6 0E o e 

.963F 01 

. 4 7 0 E 

OA 

16 

1 70 AE 00 

.isAlE.Ol 

.221E 01 

. lg«E 02 

• 608E or 

• 27 6 E - 

OA 

1? 

*434e 00 

-:i05E-0\ 

,978c 00 

. 1 A2E 02 

-,410c 01 

• 1 5 9 E 

04 

18 

• 299E 00 

5 19E-03 

. 65 IE 00 

. 110 E 0? 

-.317E ul 

• 9 A 0 E 

Q3 

19 

,242E 00 

..317E.C2 

. 445E 00 

.898E 01 

..15CE Cl 

«556E 

03 

20 

• 2UE 00 

-.160E-02 

.494E 00 

- 77 A E 01 

-.556E UC 

• 330E 

03 

21 

t207E 00 

-.HIE. 02 

•533E 00 

.67PE 01 

-.172E 00 

« 1 97E 

03 

22 

.l9l£ 00 

-.196E-02 

,448 E 00 

.574E 01 

-.647E-01 

.116c 

03 

23 

1 1 7flE 00 

-.2 46E-02 

» 396E 00 

,46flE 01 

-.3J4E-C1 

- 6S | E 

02 

2A 

1 16 IE 00 

-.236E-02 

,349E 00 

.374E 01 

-,793 E -C2 

.395E 

02 

25 

• 1 A 6 E 00 

227E-02 

• 262E 00 

•292E 01 

• 692E-02 

• 220F 

0? 

26 

• 1 27E 00 

-.118E-02 

. 1 77E 00 

.221E "1 

.853E-02 

.115E 

02 

27 

.113E 00 

-;iOOE-02 

.123F 00 

.1 65E "1 

•837E-02 

.582E 

01 

28 

•962E.01 

103E-02 

.808E-01 

. 122E 01 

.824E-G2 

• 296E 

01 

29 

,836E*0l 

— .333E-03 

,524 E -0l 

.912E CO 

,60bE”02 

. 1 5 2 e 

01 

30 

• 75 1 E- 0 1 

122E-03 

- 3 A 2 E - 0 1. 

•694E 00 

.A3AE-02 

• 765f 

do 

31 

.672E-01 

..467E.03 

, 208E-01 

, 5 3 3 E or 

, 351 E.O? 

,348E 

00 

32 

* 60gE«0 1 

-.203E-C3 

- 1 JOE — 01 

. 4 P 4 E on 

.2f»3F.-02 

. 1 3pE 

00 

33 

•536E-01 

.442E.05 

.502E-02 

• 3 (i 4 E 00 

.186E-L2 

.470F • 

.01 

3A 

•571 E*01 

•159E-04 

. 1 77 e-02 

.226 £ 00 

.133E-02 

.12*C 

.01 

35 

• 682E-0 1 

;i07E-03 

• 3o2E«o3 

. 1 f BE or 

.952F-03 

. 155E« 

•52 



Table C8. (Concluded) 


RESPONSE COVARIANCES (1) 


t 

IBl 


ibUdtbi 

mm 


IB2 


1 

• 000E- 

•80 

.OOOE-80 

* 0006- 

80 

- 0 ri u F - 

■6C 

2 

» 58 1 E 

11 

• 139E 

12 

.3346 

12 

• 1 fi 4 E 

12 

3 

. 1 8 IE 

12 

-.929E 

11 

• 2 366 

12 

.225E 

14 

4 

» 455E 

12 

-.1°4E 

12 

• 9 3 3 p 

12 

.315E 

14 

5 

. 889 E 

12 

-.137E 

1? 

.246C 

13 

.342E 

14 

6 

,151E 

13 

,.212 E 

12 

,5676 

13 

.3456 

14 

7 

• 240E 

13 

-• 3 02 E 

1? 

.1346 

14 

. 3 1 9E 

14 

8 

,3Z3E 

13 

-. 9 O 6 E 

12 

.3056 

H 

. 3?2E 

14 

9 

.30 6 E 

13 

-.14tE 

13 

.525E 

H 

.432E 

14 

10 

, 46 1 E 

13 

- . 440E 

12 

♦ 57 1 E 

14 

. 1 24E 

14 

11 

,1°9E 

14 

-.325E 

13 

• 1 6 9 £ 

15 

. 1 26L 

14 

12 

* 1 24E 

1 4 

907E 

13 

. 4336 

1* 

. 3 3 9 E 

1* 

13 

* 862E 

13 

-.104E 

H 

.51 2f; 

15 

, 4o?E 

14 

14 

.545E 

13 

-.9°3E 

13 

.446C 

1 5 

.4t8t 

1 4 

15 

»289E 

13 

-.577E 

13 

. 297F 

1 5 

. 366E 

14 

16 

• 1 4 1 £ 

13 

- . 24 1 e 

13 

.144? 

15 

. 2 r 6 e 

14 

17 

.852E 

12 

-.966E 

12 

• 7 3 3 f 

14 

, l(i6E 

14 

16 

,5626 

12 

- , 368E 

12 

. 343E 

14 

.550E 

13 

19 

. 4 O 5 E 

12 

-.120E 

12 

. 1 646 

14 

. 2 ? £ E 

13 

20 

,336E 

12 

-,?67E 

11 

. 8 2 ( i 6 

13 

. 9 f- 1 E 

1? 

21 

.304E 

12 

• 174E 

10 

. 4 4 0 £ 

13 

. 279 E 

32 

2 2 

, 260E 

12 

.950E 

10 

.2366 

13 

• 5?4E 

11 

23 

,222E 

12 

. 1 1 6E 

11 

.I30f 

13 

.565E 

1 r 

24 

• 1 R7E 

12 

.108E 

11 

. 7j 86 

12 

.5 4 7E 

13 

25 

.144E 

12 

.825E 

In 

.3626 

12 

. 1 22E 

1 ? 

26 

• 1 1 3E 

12 

:a9?e 

in 

• 1 A 3E 

12 

.165E 

12 

27 

,905E 

11 

. 396E 

lo 

. 9 1 5f 

11 

.207E 

12 

28 

,663e 

ll 

.331 E 

lo • 

• 4 1 5e 

11 

,24cE 

1? 

29 

.5nE 

11 

• 1 75E 

lo 

• 201E 

11 

. 257E 

1? 

30 

,427E 

11 

.109E 

10 

.1036 

11 

.269E 

12 

3 1 

» 352E 

11 

,ll?E 

10 

.4R2e 

10 

. 2 9 1 E 

12 

32 

,295E 

11 

. 7 1 6E 

09 

,1796 

in 

. 3 f< 3 E 

1? 

33 

.248E 

11 

.394 E 

09 

.625? 

09 

• ?99E 

12 

34 

,197E 

11 

■ 286E 

09 

, 1616 

09 

. 2r7E 

12 

35 

.162E 

11 

.2O0E 

09 

.21 OE 

08 

.277C 

1? 


1 62*nj B? MB? I B 3 !B3*DIR3 DIB3 

.-QOF-A' -0"TE-3U .u:/ E-'?0 • OC 0E = 83 .OOOE-60 

• 1 3 D E 13 .937E 13 . 1 6 6 E id .175E 13 . 1 8 7 E 14 

. 7 8 « E 13 • 1 9 0 E 14 . 6 9 - > E 14 .ZllE 14 .4346 14 

.3 Z'JE 13 .72?? 14 . 1 0 1 £ 1* .100? 14 .16&E 1? 

-.7196 12 • 1 79 E 15 . 1 l 6 E '5 .144£ 13 .4O9E 15 

-.570? 13 ,366 F 15 .123? IE -.8fl2E 13 ,834£ l5 

-.158E 14 ,7«9E 15 .J22F If -.295E 14 . J 7 0 FI 16 

-.3126 H .1506 16 .UfcE IE -.567E 14 .338E 16 

-.5u6F 14 ,233f 16 . 1 57 E 15 -.9?lE 14 .524E 16 

- . 495E 14 ,?09E 16 . 6 1 7 E 14 - . I iV 7 E >5 .464E If 

-.HOP 15 ,E64 E U , 7 1 8 E 14 -,2lfi E 15 .1256 17 

- • 26 1 E 1 8 .IJAF 17 . 1 4 E E 1 5 - . 5 1 1 E 1 5 .2956 \1 

- , H 0 0 E 15 . 1 3 1 E 17 . 1 e 1 E 15 -.545? 1 5 .286C 17 

• • ? 2 3f 15 . 9 8 7 F 16 . 1 b 3E 1 * -.435E *5 .212E 17 

- • 1 4 3F 15 .636E 16 .124E 15 -.2 H 46 15 .136E 17 

- t 4 6 7 e 14 . 29 1 e 16 . 7 0 6 E 14 -.1’6e 15 .621e 16 

- . 2 7 3F 14 .liPp 16 .30 e F 14 -,5 e4E 14 .246E 16 

- , 1 o 7 F 14 . 4 4 C| F 1? , 2 1 5E U -.226E 1 4 , 6 97F ]5 

-.411F 13 .166E 15 . ] 1 C F 14 *.913E 13 . 3 1 9F 

- . 1 5 9 F 13 . 6 1 ? F. 1 4 .5 23F 1 ’ -.30RE 13 .109E 

-.5«7F 1? • 2 4 9 E 1 4 . c 3 1 E 13 -.U?E 13 .398T 1 4 

-.2645 12 . J 1 6 E 14 .9 C 3E 12 -.7t,3E 12 . 1 5 7 F H 

-.393? 11 , 5 3 6 f 1? . 2 79 F 12 -,294£ 12 ,6336 l3 

• 3 6 1 F ll . 24 ?E 13 .£696 n -.79fl£ U . 2* | F 13 

.5e3? il , 1 1 1 E 13 . i C e F ll .2C3E 11 , 1 07E 13 

• 4 5 7 E 1 1 .534F 1? . t 2 6 E H .41?E > 1 .474F 1c 

.4636 11 ,2f,RE 12 .141E 12 .569E 11 . 231 C )? 

, 4 9 8 F 11 ,125f 1? , 2 4 1 F 1? ,740£ 11 . 1 1 7 f 12 

• 2 93 F H . M: 5 £ u . 3p 7£ 12 ,474£ ll . 56 1 F U 

. 1 97 E ll .315F 11 .2586 1? .334£ ll ,30lE ll 

.25lt 1) . 1 6 1 F 11 .4?lE 1? . 454E U . 1 8 2) F ll 

. 1 7 C E 11 .636f 10 .4816 12 .317E ll ,fi37E lO 

.936f 10 . 2 5 1 ID . 4 9 9 e 12 . 1 7 7 E 11 ,318f It 

*7646 in .8406 O9 .6 .;£f 12 .I48E 11 .125E 10 

. 5 5 6 F. 10 , 2 0 6 f 39 . 5 0 ^ E ’£ .llOE U .379E 09 


m in 
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Table C9. Attitude (c7) Covariance Results 


MEAN RESPONSES (7) 


t 

DELTA 

ddelta 

nsubit 

dnsiieit 

QALF 

DDALF 

D7 

7 

1 

, OOOE-80 

,OOOE-80 

.nooE-80 

. 0 C 0 E* 8 r 

, 00 uE- 8 f 

.O' : 0 E- 8 G 

, C 0 " 8 • 

■PO 

. 00CE-80 

2 

• • 1 9 i E-()5 

• 1 2 3 E — 0 3 

.117E-02 

•243E-0? 

.469E-P? 

, 335E-U2 

- . 96 2 E« 

■( 3 

-. 8668 " 

•03 

3 

.,1348.02 

..112E.02 

,1758-01 

-. 2188-02 

.3V0F 00 

• 1 1 ?F 00 

• ■ S53E* 

0 ] 

-.1098 

OC 

4 

-. 5008-02 

••164E-02 

, 59 1 E-0 1 

.775E-03 

• 1 4 OF 01 

. 2 *P 8 00 

••2268 

L 0 

-.74 1 E 

00 

5 

• • 1 1 3E«0 1 

-.146E.02 

.1378 00 

.975E-H2 

, 31 8F ul 

• 597E 00 

- . 6 2 1 E 

no 

-.273E 

01 

6 

— • 2 0 2 £ »0 1 

..301E-03 

,255f 00 

•234E-01 

,567f 01 

. 1 0 8 E 01 

- . 1 3 -• F 

Cl 

-.747e 

Cl 

7 

-.307E-01 

.2108-02 

.419F 00 

.467E-01 

• 87,28 01 

. 1 77f ill 

-.24SE 

01 

- . 1 6 P E 

02 

6 

-,4l8E.0l 

.5258.02 

,6168 00 

,7?lE. n l 

. 120E 02 

,? 66 F Cl 

- , 4 1 5 E 

01 

-,331E 

02 

9 

-•489E-01 

. 1 1 IE-01 

•821 f 00 

.U5E 00 

• lPOE C 2 

•396E 01 

- . 1 35 E 

01 

-.590E 

02 

10 

-,4908-01 

. 166 E .01 

» 950E 00 

.BllE.Ol 

• 216F 0 2 

• 563E 01 

939E 

in 

-.978E 

02 

11 

-,645E-01 

;758E-02 

•120E 01 

.56 1 E -01 

.227 E 02 

• 549 E 01 

• . 1 36 E 

iz 

-.1558 

03 

12 

-, 862E-01 

,9388-02 

•602E 00 

•. 1 80 E 00 

, 222 F 02 

• 67?E 01 

— . 1 5 9 E 

V;Z 

-1230E 

03 

13 

«,957E-01 

,2528-01 

,453 E 00 

• ,4f>4E 00 

,267F 02 

, 1 n 1 F 0 ? 

-.143E- 

0 ? 

-,307e 

03 

14 

•»904E»01 

• 340E-0 l 

• 77<|E 00 

- . 2 4 9 E 00 

• 298F o2 

.6228 01 

-. 12 CE 

r 2 

-.37?E 

03 

15 

-.668E-01 

.359E.01 

•106E 01 

- . 105E.01 

, 263F 02 

-.257E 01 

• « 1 0 8 E 

02 

-.4288 

03 

16 

-,387E-0l 

.297E.01 

• 8 1 6 E 00 

..130E CO 

. 1 Bl E 02 

- . 8 7? E 01 

-.1128 

02 

•.4b3E 

03 

17 

• * 151E-01 

.173E-01 

• 379E 00 

-.292E 00 

. 844F ol 

-.934F 01 

-.1208 

02 

-.541E 

03 

1 6 

• ,292002 

.892E-02 

- , 469E-02 

-.256E 00 

, 1 9 5 F 01 

-,647e 01 

-.1238 

0 ? 

-,602e 

03 

19 

• 496E»o3 

l l 38E-02 

- • 1 4 9 E 00 

-. 102 E 00 - 

•399E op 

- • 274 E ol 

-. 122 E 

02 
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Table C9. (Continued) 
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t 

1B1 


DIBl 


182 


nit>2 


I H 3 

1)1*3 

1 

• 000E- 

► 80 

, 000E- 

80 

» 0 0 0 E • 

80 

.onoE- 

80 

.CPOE- 


.m rf. 

80 

2 

*,872E 

04 

..245E 

05 

-.132E 

05 

- . 1 ?7E 

■J6 

J c9E 

C 5 

1 7 n F 

06 

3 

* * 6 6 7 E 

05 

• 1 0 3E 

06 

• S 3 6 E 

06 

. 12*>E 

n 7 

. 1 46F 

17 

. 193F 

07 

4 

-,200E 

06 
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-.454? 

04 

33 

•»496E 

05 

.460E 

02 

- * 1 76E 

06 

• 1 8 CE 

04 

- . 2 2 0 E 

06 
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Table C9. (Continued) 


RESPONSE COyARUNCEj (7) 
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•1697-02 

.I 74 E 

.277E-H5 

• 36,37-05 
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05 
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05 
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23 
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,2857-09 

.115E-J5 
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Table C9. (Continued) 


RESPONSE COVARIANCES (7) 
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Table C9. (Concluded) 
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03 

.676E 

04 

26 

•»679f 

• 03 

•683E-03 

1829E 

00 

.,421 E *01 

• 409E 

01 

. • 3B7 E « 

01 

• 1 2® C 

03 

• 737 E 

04 

27 

-.1J1E 

• n3 

•376E.A3 

.668E 

09 

•»24g E .nl 

• 3b2e 

gl 

..228E* 

ftl 

.U7E 

g3 

• 796E 

q4 

28 

,203 E 

.03 

,179E.»3 

.331 E 

00 

. , 1 66 E .0l 

,2»E 

01 

•»109E« 

61 

.USE 

03 

• «5«e 

54 

29 

i35}E 

•03 

•I5IE.O4 

.430E 

00 

.»623E*02 

• I7OE 

01 

■ • 3 68 E • 

01 

• USE 

03 

• 9llE 

04 

36 

,420E 

.03 

.901E.04 

,339E 

00 

.440E.04 

• 1 3 1 E 

01 

., 842E. 

62 

. 1 1 1 E 

03 

,967E 

04 

31 

• 4S4r 

• 03 

•I04r-03 

.302r 

00 

- • 954-.02 

• 1 0 3 e 

01 

. , 3 fe 2 c • 

62 

.uo E 

03 

.102 E 

05 

32 

,502? 

.03 

141E-03 

i238E 

00 

-,173 E .02 

• 803E 

00 

•*342E« 

62 

.109 E 

03 

• 108E 

05 

33 

,4B6 C 

.03 

,156e-03 

,219E 

00 

•,732 E .03 

• 633 E 

00 

,27QE. 

02 

.10«E 

03 

,U3E 

05 

34 

*46»E 

•03 

•152E-03 

• 201E 

00 

• i 3 3 1 E —0 3 

• 498E 

00 

— • 1 1 1 E • 

02 

• 107E 

03 

• 1 1 9 E 

05 

33 

,446E 

• 03 

148E. 03 

.194E 

00 

..209E.03 

.393E 

00 

.272E. 

64 

.107E 

03 

• 1 24 E 

05 
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Table Cll. (Continued) 


ME*" RESPONSES (3) 


t 

JB 1 


DIB1 

182 


D 1 82 

183 

DIB3 

1 

,OOOE' 

►80 

•000E* 

•80 

loooE-eo 

;oooe« 

•80 

•000E. 

>60 

.OOOE* 

•80 

2 

.♦6722 

04 

• »245E 

05 

-U32E 

836 e 

05 

• *127E 

;i»e 

06 

• *109E 

05 

•fl79E 

06 

3 

•«667 t 

05 

» 103c 

06 

06 

07 

♦ I46r 

07 

• 193 C 

07 

4 

*. 200E 

06 

• 202E 

96 

«329E 

07 

»256e 

07 

« 553E 

07 

» 396E 

07 

5 

• ,456E 

06 

,285E 

06 

;727E 
? 129E 

07 

i 39 1 E 

07 

. 126E 

08 

, 616E 

07 

6 

•» 86 lE 

06 

• 3 1 7 E 

06 

08 

r 804 E 

07 

«223E 

08 

• 7 9 1 E 

07 

7 

•«142E 

07 

• 2 4 1 E 

06 

Il93E 

;232 C 

08 

• 543E 

07 

♦ 337E 

06 

.864E 

07 

6 

-;2m e 

07 

•*i23g 

06 

08 

,283 C 

07 

«410 E 

06 

,4a2 E 07 

9 

• ♦ 298E 

07 

• ♦727E 

06 

.242E 

06 

-.123E 

07 

• 432E 

06 

..HIE 

07 

10 

-,2’®E 

07 

-,147E 

07 

1192E 

08 

-;*202e 
* 13®E 
;347E 

07 

,354e 

08 

.,9f3E 

07 

11 

•'ll! 1 

07 

•*<79E 

06 

rliii 

08 

07 

»3lfE 

06 

.265E 

of 

12 

• f 375E 

07 

• » 855E 

06 

08 

07 

.410E 

06 

.661E 

07 

13 

.,346E 

07 

-•I 96 E 

07 

;*tze 

»281E 

08 

-H 06 E 

•,309E 

06 

#492E 

®6 

.USE 

07 

14 

••329E 

07 

•♦ 172E 

07 

08 

67 

• 505E 

08 

..2B0E 

07 

15 

.;299 C 

07 

■ » 7 1 7 E 

06 

;240e 

08 

-;369e 

07 

,434 t 

06 

• i 3 54 E 

07 

1 ® 

• ♦ 2 ® 6 E 

2! 

• 1 2 1 E 

0 6 

• 1 7 2 E 

0 8 

•!?37E 

0 * 

• 3 1 5E 

08 

..735E 

of 

17 

..208E 

07 

,640E 

06 

; 1 12E 

06 

-;314E 

-.222E 

07 

«2UE 

06 

• »598E 

07 

is 

•*l65E 

°7 

• 489E 

06 

• 74 1 E 

07 

07 

.145E 

»a 

• »42dE 

07 

19 

• • 1 7 4 E 

07 

1 135E 

06 

.597E 

T .528e 

07 

•* 176E 

06 

»120E 

06 

.. 456E 

06 

20 

• »234j 

07 

•»336e 

06 

07 

•i*64s 

07 

.116 C 

08 

-.2292 07 

21 

-,292E 

8? 

•.486E 

*6* 

.346E 

8? 

•.259E 

O 7 

*864E 

of 

..366E 

of 

22 

.;290e 

• »448E 

;179E 

•;239e 

07 

.562E 

07 

..322E 

07 

23 

-*196E 

07 

■*34lE 

06 

• 359E 

06 

•♦HIE 

07 

• 306E 

07 

• •272t 07 

24 

•♦ 160E 

07 

•♦ 207E 

06 

• j547E 
••986e 

06 

132E 

o7 

» 109E 

07 

•* 192E 

07 

25 

•«122j 

07 

• «112 E 

06 

06 

• • 8 4 5 e 

06 

• *108e 

06 

•»125e 07 

26 

•«9l8E 

06 

-«349E 

05 

.. 165E 
.;106e 

07 

• • 39 7 E 

06 

•*5S6E 

06 

■ « 612E 

06 

27 

-,706 C 

06 

• »232e 

05 

07 

•»266e 

66 

*.862e 

06 

..H4E 

06 

2® 

••527E 

2® 

- • 1 7«E 

05 

•»102E 

07 

-.199E 

06 

••103E 

07 

-.307E 

06 

29 

• t 406E 

06 

• f 550E 

04 

..930E 

06 

.;741E 

•;273e 

05 

.. 103E 

07 

.. 1 16E 

06 

30 

• .328E 

06 

•.576E 

03 

-.844E 

06 

05 

• »963E 

06 

..433E 

05 

31 

•♦267E 

06 

•« 262E 

04 

-.766E 

06 

•;327E 

65 

• *966E 

06 

••51 OE 

05 

32 

..220 C 

06 

,946E 

02 

-;722e 

06 

S67» E 

;i?!I 

04 

-.916 E 

06 

-,hoe 

OS 

11 


8t 


04 

04 

•f 649 E 
•;579E 
-.522E 

0® 

06 

0* 

05 

• *6428 
•»770E 

06 

06 


8 1 

35 

-,124E 

•6 

.HIE 

04 

06 

.Use 

05 

•. 7 O 7 E 

06 

. 19 IE 

05 



Table Cll. (Continued) 


RESPONSE COVARIANCES ( 3 ) 


t 

DELTA DELTA«DELTA 

ddelta 

DZD 0 T 

OEIq 

4* 

4* 

At 


i 

‘Sl&'S 



m: 

:» 

•80QE.80 

•243E.07 

;!!H: 

•86 

.66 

:9HI:S8 


• 60 
.02 

3 

iim -03 

♦674E-65 

,295E*04 

*1172 

06 

*3042.06 

,4312. 

>65 

,1432-04 

♦ 157E 

01 

4 

•231E.03 

•229E.84 

,1172.03 

2642 

06 

*3812.06 

«466E> 

.65 

,3552-04 

• 1122 

02 

S 

,377 t .03 

*630e-«4 

;278e-03 

7 ,679 C 

06 

•999e.06 

•353 E . 

.85 

»60O E -O4 

1 4 26 e 

02 

6 

*529E»q3 

•lllE-||3 

• 99iE>|)3 

i 1 592 

01 

•99iE.06 

*772E« 

.§5 

,860E-o9 

• l3iE 

03 

7 

1663E.03 

•166E.83 

; 1092.02 

13312 

01 

*1992.05 

11632, 

.64 

,1092.03 

• 349E 

03 

a 

•639E*03 

.22*2-03 

12182.02 

• 9682 

01 

•324E.05 

11202. 

.64 

,1652.03 

• 6 O 9 C 

03 

a 

*5202*03 

•243E.83 

•321E-02 

.9072 

01 

•5092.05 

♦7302. 

.65 

,237E-03 

1152E 

04 

it 

,294.-03 

«208p.63 

1276E-02 

,270. 

01 

•366e>09 

It9lr. 

.63 

,311r*03 

• 212r 

04 

li 

,2432.03 

1572*43 

»7l3E-02 

,788! 

61 

•9082.03 

,6452. 

.65 

,53*2-03 

• 206! 

04 

12 

;481t.03 

,2962.83 

;166E.01 

14282 

02 

.190E.04 

:270E. 

,64 

.8742.03 

11022 

0* 

13 

*4662.03 

•3742-83 

•1642*01 

11622 

03 

•2312.04 

•8362. 

*84 

.122E-02 

»735E 

03 

14 

*4622*03 

•3302*83 

•122E.01 

f 4372 

03 

*2112*04 

*1792. 

.63 

*1322-02 

79932 

04 

15 

♦264E.03 

•2*92.63 

17922-02 

10662 

03 

•155E.04 

.2832. 

>63 

,1102*02 

♦ 4052 

05 

16 

*1461.03 

•1322.83 

13612.82 

.1342 

04 

•8392.05 

,35*2. 

.63 

.7582.03 

*1452 

06 

17 

;e67 E .04 

,649e-04 

;142e*02 

;186e 

04 

,407E*05 

13762- 

•63 

,4922-03 

13302 

06 

is 



;?«!:« 

m 

8! 

:fssi:8? 

•367E. 

*348E, 

III 


;trn 

06 

07 

ii 

12032*04 

•148E.64 

16362*04 

f 2742 

04 

•1502.05 

, 2922 . 

•63 

, 5902*04 

11072 

07 

21 

*1552-0* 

♦9652.63 

12512.04 

12682 

04 

*3752*06 

*2322. 

.63 

♦ 1182-0* 

12402 

07 

22 

J649f»65 

i433r.#3 

19692*03 

1«4 E 

04 

*733 E .07 

11792’ 

>63 

,2362-05 

1320j 

07 

*4 

tlllNj* 

*6*62.86 

.16*2-65 

,9222.66 

•345E*q5 

11632.05 

12462 

2282 

?! 

• 13jE.o7 
*3582.08 

,i 382. 
*1192, 

% 


;Siil 

8! 

25 

•1452*06 

•iSaE.it 

•2592.06 

12102 

04 

•1202.00 

•8692. 

*64 

. 3492.07 

• 6402 

07 

26 

*2992967 

*3012.67 

*3382.67 

|*102 

04 

f 286E#09 

*7112. 

*64 

*7402.08 

*T62E 

07 

27 

il67r*00 

•406r.6a 

♦9902-06 

1204. 

04 

• 108 E .09 

I39lr. 

.64 

,742.. 09 

16922 

07 

28 

*260!. 06 

*2212.88 

12842.68 

1199? 

04 

•3602.10 

*5662. 

.64 

*2892.09 

11032 

08 

29 

jataE.oa 

*4382.69 

12582.08 

11932 

04 

;i22E^10 

*4282, 

.64 

,1212.00 

11162 

08 

3* 

•1102*87 

*2442*88 

t 3282.66 

11912 

04 

•5262.11 

.3762. 

*64 

•1012*68 

*1332 

08 

31 

*1462.07 

•3232.68 

13212.08 

11892 

04 

•9262.11 

*3232. 

.64 

,2412.08 

• 1502 

08 

it 

ll55r*97 

*442r*t8 

•>87r.68 

l86f 

04 

*t30 E pll 

«28»2< 

•64 

l?67r*0a 

fl672 

08 

is 

I 1452*67 

•4762*68 

*2332*68 

*1042 

04 

*1372.11 

*2522. 

*64 

,2552*08 

*105E 

06 

34 

}J«e*6T 

i«6E*« 

;1T42*68 


64 

^079e.12 

12252) 

.64 

,2362-06 

1*042 

06 

33 

•1212*87 

•4022*60 

• UOE.O® 

• 1862 

04 

•3*32.12 

•2622. 

*64 

•2142*06 

• 2232 

08 
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Table Cll. (Continued) 


RESPONSE COVARIANCES ( 3 ) 


t 

NIT 

NIT»DNIT 

dnit 

QALr 

QAir»DaALr 

dqalp 


1 

•eeoE-so 

• OOOE-80 

.OOOE-80 

iOOOE-sO 


1 000 E .80 

tiOOE. 

>80 

2 

*8®8E.Q3 

.169E-02 

f343E-02 

;i24E-01 


t44lE.02 

. 479 E. 

>02 

3 

,360E*02 

•tl32E.i2 

.161E.02 

1 7 3 1 C 01 


tl98E 00 

1 197E 

00 

4 

;i46E-01 

• * 1 63e«02 

#644 E «02 

;161e 02 


t342 E 00 

tl46E 

01 

3 

.346E-01 

-.101E-02 

.266E-01 

;268E 02 


, 126E 01 

.633E 

01 

6 

t 662E.01 

,7742-03 

, 871E.01 

;383 E 02 


,226E 01 

,221E 

02 

7 

•126E 00 

•634E-02 

t272E 00 

•904C 02 


t393E 01 

t721E 

02 

8 

♦178E 00 

tl06E.il 

t 619E 00 

I 939C 02 


t395E 01 

1 191E 

03 

9 

.171E 00 

.288E-01 

tlOlE 01 

i382E 02 


t539E 01 

,42 IE 

03 

11 

•310C 00 

-.603E.02 

;226E 01 

,710E 02 


.912E 01 

,B73E 

03 

11 

t 723E 00 

• t 119E 00 

;713 E 61 

;546 E 02 


,328E 01 

,186E 

04 

12 

«100E 01 

•t6i0E 00 

• 398 E 02 

,467E 02 


*231E 01 

,36lE 

04 

13 

,9l2E 00 

-,447E 00 

« 378E 02 

;320£ 02 


t416E 01 

,586E 

04 

14 

,6B7E 00 

-.278E 00 

I 217 E 02 

i934E 02 


t212E 01 

,659E 

04 

13 

.303E 00 

-•945E-01 

t720E 01 

;41«E 02 


t 138E 02 

*470E 

• 4 

16 

:161 e 00 

.363E-0Z 

;221 E 01 

1321C 02 


,169E 02 

,276 E 

04 

l7 

»1®9E 00 

•lOlE-Ol 

.976E oo 

,266E 02 


tl23E 02 

tl59E 

O 4 

18 

,242C 00 

..372E.02 

;651E 00 

,22 42 02 


1 729E 01 

,939E 

03 

19 

«26(E 00 

«637E«02 

t443E 00 

;i9?E 02 


»389E 01 

,596E 

13 

21 

f 434E 00 

-,610E-02 

#494E 00 

;251E 62 


*2B5E 01 

»330E 

03 

21 

,482 E 00 

•tSBlE-01 

;337 E 00 

;210 E 02 


t243 E 01 

,197 E 

03 

22 

«392E 00 

324E-81 

•492E 00 

;130E 02 


•143E 01 

;il6E 

03 

23 

;236c 00 

., 225E.il 

;399E 00 

;T25 E 01 


,743E 00 

,68l£ 

02 

24 

«140E 00 

•, 135E-01 

•350E 00 

i383E 01 


*368E 00 

, 393E 

02 

25 

,93BE.01 

•♦783E.02 

f 262E 00 

t204£ 01 


t 179E 00 

,220E 

02 

26 

,3B6 E «01 

• 1 390 E *02 

il78E 00 

t 108 E 01 


•893e*01 

,115c 

02 

27 

.3B4E.01 

-,2l7E-02 

;i23E 00 

t»62E 00 


t399E.01 

,582E 

01 

28 

i217E.01 

-,125e-*2 

;80BE.0l 

;32lE 00 


t 190E.01 

,296E 

11 

2’ 

*164C-01 

•t603E-03 

•324E-01 

tlOlE 00 


•945E.02 

1 152E 

01 

3 * 

fll6E.01 

.,332E.63 

'342E.01 

,107E 00 


♦475E.02 

, 765E 

00 

31 

♦8 z 6E»02 

..248E«03 

:2obe.oi 

,653£.01 


.239E.02 

,348E 

00 

32 

.606E.02 

- tl31E.es 

•IliE.Ol 

;S99E«01 


* 121E.02 

»138E 

00 

33 

,438 E -02 

•,393 E .04 

' 502 E .02 

:243 E .0l 


,584E-03 

, 4 69E- 

.01 

3 4 

«3®9E«02 

• t 365E«ft4 

I177E-02 

t l9lE*01 


»259E.03 

,125E- 

•01 

33 

.390E.02 

..216E.04 

•302E.03 

;953E.02 


•112E.03 

• 1 94 E. 

.02 
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Table Cll. (Concluded) 


RESPONSE COVARIANCES ( 3 ) 

/v* 


t 

161 


161*0161 

DI61 

162 



DI62 

163 


163*0163 

0163 


1 

•600E" 

>60 

«006E> 

>60 

:060c. 

>80 

,000E« 

•!» 

»000E« 

>80 

•009E« 

>80 

,000E« 

>60 

,000E* 

>80 

•oooc, 

>60 

E 


11 

* 154E 

12 

1405E 

12 

il93C 

;46iE 

12 

• 1 57 E 

13 

.130E 

14 

,179E 

12 

;216C 

13 

*265E 

14 

J 


11 

•»924c 

11 

;J62E 

12 

14 

• 221 E 

14 

.320C 

14 

!l37C 

15 

I370C 

14 

,736E 

14 

4 


12 

•»164C 

i2 

iiiTE 

13 

*»03C 

15 

*255E 

14 

,925C 

14 

,295C 

15 

.667C 

14 

:212E 

15 

5 

''365c 

12 

-,279c 

12 

;280c 

13 

:U4 E 

22«E 

15 

,253c 

14 

1205C 

15 

,676c 

15 

,691c 

14 

;469c 

13 

6 

»7*9E 

u 

•»4S4E 

12 

,6i 3 E 

13 

15 

»200E 

14 

,401E 

13 

,660E 

15 

,399c 

14 

• 9 1 3 E 

IS 

7 

* 130E 

13 

•*763E 

12 

;i4iE 

14 

;276C 

15 

,46eC 

13 

,600E 

15 

• 617E 

15 

,263C 

14 

• 181C 

16 

6 

' §£g* 

13 

•;123C 

13 

;si5E 

14 

;252e 

15 

•♦RISE 

14 

.156E 

*24ie 

16 

i765E 

is 

•»7«7C 

14 

;33lc 

h 

9 


13 

•»153C 

13 

,539E 

14 

il96C 

15 

•«621C 

14 

16 

.607C 

13 

•.173C 

13 

* 5 4 1 E 

16 

11 

1310 C 13 

.,754 C 

12 

;573c 

14 

;962 C 

14 

•,659e 

14 

;209e 

16 

,« Z E 

IS 

•il95 E 

13 

;464 C 

16 

11 

#633E 

13 

• ,3.64 c 


• 1 69E 

1 5 

J655C 

j4 

•*108E 

l5 

,559E 

16 

• 237E 

13 

•*203E 

13 

!l23E 

17 

12 

*836E 

13 

.,965E 

13 

1433E 

15 

,125C 

15 

•«250E 

15 

:i33E 

17 

, 4 1 8 E 

15 

.,46l£ 

13 

,293E 

17 

13 

:»« 

13 

•»10oE 

•t940E 

14 

• 514E 

15 

iU4E 

15 

• • 29 3 E 

13 

, 1 32E 

17 

• 51BE 
,657C 

15 

•»359C 

13 

,2862 

I7 

14 

13 

13 

*449E 

15 

*U7C 

i956 E 

J497C 

15 

• ,246C 

15 

,998C 

16 

15 

•«469C 

15 

1214C 

,139c 

,633C 

17 

15 

16 

i270r 

*146! 

13 

13 

•,615c 

•*269C 

13 

13 

i!:?i 

15 

15 

14 

14 

•»l60c 
• *7401 

15 

14 

,647c 

.297C 

16 

16 

,300 f 

.161! 

15 

13 

«,33lc 

•.160C 

15 

15 

17 

16 

17 

iil«E 

13 

• , 1 1 lE 

13 

1707C 

14 

;259C 

,134E 
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Table C12. (Continued) 


RESPONSE COVARIANCES (4) 
t NIT NIT*DNIT 

DNIT 

QAIF 
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,000E-S0 
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-,146E«02 
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4 
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t 646E-02 
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5 
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•266E-0 1 

•26®E 02 

• 1 2 6 E 01 

.633E 

01 

6 

.661E-01 

•628E.03 

.871E.01 

,383E 02 

«224E 01 

• 2 2 1 f 

02 

7 

,12AE 00 

.589E-02 

.272E 00 

,498E 02 

•347E 01 

,72lE 

02 

8 

,206E 00 

.168E-01 

.614E 00 

,605E 02 

.499E 01 

.l»2E 

03 

9 

,262t 00 

, 422e*01 

, 99 lE 00 

,774 E 02 

,725e 01 

, 4 2 lE 

03 

10 

*3 9 0E 00 

»377E-#2 

.222E 01 

* 119E 03 

♦824E 01 

* B74E 

03 

11 

,803E 00 

-♦471E.01 

•686E 01 

t 109E 03 

«*494E 00 

• 186E 

04 

12 

,S38E 00 

-*435E 00 

i349E 02 

• 104E 03 

.1&2E 01 

.360E 

04 

13 

*570e 00 

«,225E 00 

f 3?4E 02 

,137C 03 

.327E 01 

«585E 

04 

14 

,4l7c 00 

t235E-,01 

.217E 02 
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.659E 

04 

13 

«3q 9 E 00 
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••444E 02 

.47&E 

0* 

16 
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;23lE 01 

,643e 02 
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,276E 

04 

17 

.H4E 00 

-.lsiE-qi 

•105E 01 

•332E 02 
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.159E 

04 

18 

♦957E.01 

«. 135E-01 

;693E 00 

; 177E 02 

••814E 01 

,939E 

03 

19 

»563 e »01 

•»12?E»01 

.470 e 00 

»959e 01 

••459E 01 

• 556E 

03 

20 

.355E-01 

-.965E-02 

;502E 00 

.469E 01 

••261E 01 

♦ 330E 

•3 

21 

.232E-01 

-,702e-02 

;537E 00 

,244 E 01 

.,137E 01 

,M7E 

03 

22 

♦I43E-01 

••411E-02 

•450E 00 
.397E 00 

•123E 01 

••684E 00 

*116E 

03 

23 

•904E.02 

-♦290E-02 

,628E Of 

■*362E 00 

• 681E 

02 

24 

,532E*02 

•i2 l9E*02 

.349E 00 

,3l6E 00 

•.201E 00 

.393E 

02 

23 

.305E-02 

-.I42E-02 

•262E 00 

,1S3E 00 

•*109E 00 

*220E 

02 

26 

f 164 E »02 

- f 889E-03 

;178E 00 

,719 E -01 

-,962E-01 

,115E 

02 

*7 

♦973E»03 

•* 9 21 E-Q3 
..305E.03 

•123E 00 

.341E-01 

•.»79E.0l 

*5*lE 

01 

28 
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leOBE.Ol 

i524E*0l 

:168E-01 

..I37E.01 

*296E 

01 

29 

.4Z0E-03 

•«l74E*03 

;68 3 c-02 

>*69lE.02 

.152E 

01 

30 

,323E.03 

..103E.03 

; 342E-01 

,49lE-d2 

•.341E.02 

,765E 

00 

31 
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••708F-04 

;208E-0l 

;277 e -02 

..165E-02 

,346e 

00 

32 

• l 76 E*o3 

•• 392E.q4 

iliaE-Ol 

•149E*o2 

••772E.03 

*l38E 

00 

33 

f U7E.03 

•,196E.94 

;502E.02 

;748e.03 

..324E.03 

,469E, 

.01 

34 

*676E«04 

-•653E-05 

il77E-02 

i357E«03 

•♦104E-03 

• 125E 

-01 

33 

•702E.04 

• »825E.(i6 

.302E-03 

.171E-03 

•.176E-04 

.154E 
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Table C12. (Concluded) 


RESPONSE COVARIANCES (4) 
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11 
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11 
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12 

,479 E 

14 
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14 
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14 
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15 
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14 
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14 

4 

tl74E 

11 

::MU 

12 
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13 

• 1022 

15 
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14 

.9012 

1 4 
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.658E 
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« 206 E 

15 

5 

, 391E 

12 

13 

,163E 

15 

.2482 

14 

, 1 99E 

15 

.473E 

15 

,677E 

l4 

,454E 

15 

6 

.74°E 

12 

-.446E 

12 

• 5992 

13 

.223E 

15 

• 192E 

14 

.3682 

15 

.65 J E 

15 

.5772 

14 

• 682E 

15 

7 

• 1 32E 

13 

*. 762E 

12 

• 1 38 E 

14 

,270e 

15 

. 335E 

13 

• 771E 

15 

.800E 

15 

»248E 

14 

• 1 7 4E 

16 

8 

.217 e 

13 

■ . 138e 

13 

• 3 1 3 e 

14 

.304 e 

15 

• . 2 0 3 E 

14 

*133 e 

16 

.914 E 

15 

•» 212 e 

14 

«344 c 

16 

9 

.287E 

13 

-.173E 

13 

• 543E 

14 

.282E 

15 

• «7olE 

14 

• 242E 

16 

.863E 

15 

• • 1 3 6 E 

15 

• 5 4 1 E 

16 

10 

,332e 

13 

..102E 

1 3 

.568E 

14 

.201E 

15 

..873E 

14 

,202E 

16 

.633E 

15 

..190E 

15 

,447E 

16 

11 

. 7 OOE 

13 

••493E 

13 

.1672 

15 

.278E 

13 

*•6482 

14 

.334E 

16 

• 89^2 

15 

*.723E 

14 

.1182 

}7 

12 

* 9 3 8 E 

13 

-.118E 

14 

• 4 3 2 E 

15 

,533E 

15 

• . 1 4 8 E 

15 

. 129E 

17 

.165E 

16 

• ♦ 1 58 E 

15 

, 263E 

17 

13 

• 846e 

13 

•» 121 e 

14 

.521 E 

13 

.665 e 

15 

• .322 E 

15 

• 1 34 C 

17 

, 202 C 

16 

«.594e 

15 

• 289E 

17 

14 

* 7 0 1 E 

13 

«• 100E 

14 

.459E 

15 

• 5 3 4 E 

15 

*.351E 

15 

* 105E 

17 

. A 6 4 £ 

16 

» • 7 5 1 E 

15 

. 227E 

17 

15 

,490 C 

13 

-,641e 

13 
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13 

.277 E 

15 

-,248E 

15 

, 705E 

16 
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15 

.,569e 

15 

,152E 

17 

16 

• 256E 

13 

•*272E 

13 

15 

.996E 

14 

• • 1 1 5E 

15 

.3282 

16 

. 32® E 
• * 1 4 E 

15 

• .2722 

15 

.7042 

16 

17 

• 1 36E 

13 

» » 1 1 2E 

13 

• 725E 

14 

.329E 

14 

..427E 

14 

. 1 3 4 E 

16 

15 

a. 10lE 

15 

• 2 8 2 E 

16 

ie 

• 7 3 6E 

12 

• »43sE 

12 

;332E 

14 

. 1 1 1 E 

14 

*.l36E 

14 

.51 i E 

15 

.412E 

14 

*.372E 

14 

,105C 

4 

19 

,377E 

12 

>.180E 

12 

;l67E 

14 

.350E 

13 

-.548E 

13 

. 1 8 7 E 

15 

. 1 4 1 E 

14 

•.134E 

14 

, 36BE 

15 

20 

• 1 9 1 E 

12 

• * 8 1 8 E 

11 

;627e 

13 

,976 E 

12 

* , 1 8 1 E 

13 

.675E 

14 

,'946e 

13 

*,458e 

13 

,123E 

15 

21 


l? 

*•4032 

11 

• 4 4 1 E 

13 

• 216 e 

12 

* • 564 E 

12 

. 266 E 

14 

• 1 2 4E 

13 

• •1432 

13 

. 436E 

14 

22 

It 

-,195E 

11 

• 2 37 E 

13 

,427E 

11 

• *160E 

12 

.113E 

14 

.337E 

12 

• »45lE 

12 

. 166E 

14 

23 

.2o5E 

11 

*»965E 

10 

» 130E 

13 

.593E 

10 

••5512 

U 

.5092 

13 

. 7 1 3 E 

11 

«.l362 

12 

• 643E 

13 

24 

,134E 

11 

-.524E 

10 

»717E 
• 3 6 1 e 

12 

.449E 

10 

• • 1 4 6 E 

11 

• 238E 

13 

.893E 

10 

w,346E 

11 

, 254 E 

13 

25 

•T5°e 

10 

•t27lE 

10 

12 

• 66» E 

10 

•»356 E 

10 

.108 E 

13 

.202 E 

10 

• »569e 

10 

»996e 

12 

26 

• 369E 


• . 1 4 6E 

1° 

• 1 8 2 E 

1? 

.5802 

10 

•• 188 E 

10 

• 5 1 7 E 

12 

.3 0 8E 

10 
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10 
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12 

27 

. 1 8 8 E 

Io 

• » 748E 

69 
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11 
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10 

-.997E 

09 
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12 
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io 

..219E 

09 
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12 

26 
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11 
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10 
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12 
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10 

••366E 

Oe 
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11 

29 

,500E 

09 
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09 

.206E 

11 

,267E 

10 

..430E 

09 
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n 

.335E 

10 
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09 

,505E 

H 

30 

,307 e 

O 9 
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06 

• 1 0 2 E 

11 

.207 e 

10 

*.321 E 

O9 

.307 e 

11 

. 2s5 e 

10 

•»319f 09 

• 2 85 e 

11 

31 

,1B9E 

09 

-.443E 

08 

;449E 

10 

.171E 

10 

• • 1 7 2 E 

09 

.144E 

11 

. 261 E 

10 

*.174E 

09 

, 1 4 6 E 

11 

32 

.115 E 

09 

* . 238E 

06 

.178E 

10 

• 3 3 1 E 

10 

,,130E 

09 

,620E 

10 

.215e 

10 

..204E 

09 

,697E 

10 

33 

:i»f 

06 

*•1232 

08 

.6212 
f 158E 

09 

.900E 

09 

**1182 

09 

• 2 37 E 

10 

. A33E 

10 

•» 190E 

09 

.269E 

10 

34 

08 

-.472E 

07 

09 

. 5 8 1 E 

09 

•*679E 

08 

• 696 E 

09 

■ 1 0 5 E 

10 

a • 1 2 1 E 

09 

.951E 

O 9 

35 

. 1b5E 

08 

-.154E 

07 

.I96E 

08 

.368E 

O 9 

*.396E 

08 
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O9 
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09 

..786E 

Ob 
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Table C13. Normal Acceleration (c5) Covariance Results 


KEAN RESPONSES (5) 


t 

DELTA 

DDELTA 

NSUBIT 

• DnSUBIT 

QALF 

oDALF 

DZ 
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i 

•QOOE» 8 o 

• 0 O 0 E» 8 o 

• QOOE-fif) 

• OOOE«- 8 n 

•OOOE -80 

• 000 E -80 

, 000^» 8 0 

•OOOE. 

.80 

2 

».l9lE.05 

•123E.03 

.117E-02 

.243E.62 

•469E-02 

.335E.02 

..9626.03 

-«866E. 

,03 

3 

-.134E.02 

..H2E-02 

•175E-01 

..218E-02 

.390E 

00 

.113E 00 

-.553E.01 

-• 109E 

00 

A 

-.500E.02 

.*164E.02 

•591E-01 

•775E-03 ■ 

.1406 

01 

.2886 00 

*.226E 00 

-.741E 

00 

9 

-♦113E-01 

-.U6E-02 

•137E 00 

.9756-02 

• 318E 

01 

.997E 00 

-.6216 00 

-.2736 

01 

6 

-.202E-01 

.*301E*03 

•255E 00 

.234E-01 

• 567fc 

01 

• lOeE 01 

-.1356 01 

-».747E 

01 

7 

-.307E-01 

•210E-02 

•419E 00 

.467E.nl, 

*872E 

01 

.177E 01 

-.2496 01 

-.168E 

02 

8 

•*?64E>01 

»8l3E.02 

•497E 00 

•120E.01 

• 1096 

02 

.235E 01 

-.3926 01 

-.330E 

02 

9 

-*369E.01 

.129E.01 

.334£ 00 

.936E.01 

.126E 

02 

.348E 01 

-.3761 01 

-,533E 

02 

10 

m,i 73E.01 

•173E.01 

•191E 00 

..599E.61 

• 14 lE 

02 

.489E 01 

-,853E 00 

-,66lE 

02 

11 

• *1S9E<*01 

•147E.01 

„.125E 00 

,.339E 00 

• 983E 

01 

,44 6 E 01 

.552E 01 

-»57iE 

02 

12 

».^85e.01 

..489E-03 

•*816e 00 

..276E 60 

,963e’ 

01 

.6886 01 

. 196E 02 

.222E 

01 

13 

..361E.01 

.7-6E.02 

..ll7E 01 

..498E 00 

.118E 

02 

.969E 01 

.4066 02 

.149E 

03 

14 

»,346E«01 

.136E.01 

.*12lE 01 

.,216E 00 

. 126 E 

02 

.583E 01 

,683E 02 

.417E 

03 

19 

•»*55E»01 

•147E.01 

««102E 01 

•166E 60 

• 103fc 

02 

-.2366 01 

.101E 03 

• 839E 

03 

1ft 

'-•137E-01 

.lllE-01 

• »7l4E 00 

•189E 00 

• 696E 

01 

*.787E 01 

.1376 03 

• 143E 

04 

17 

-.?08E-02 

•617E.02 

.•402E 00 

.586E.62 

• 283E 

01 

••833E 01 

. 172E 03 

• 220E 

04 

18 

-.4 12E.02 

*290E.02 

..176E 00 

..767E.01 

.759E 

00 

-.578E 01 

.2076 03 

.315E 

04 

19 

..371E.03 

•7S3E.03 

..424E.Pl 

..450E.O1 

.2866 

00 

..24&E 01 

,242E 03 

.427E 

04 

20 

..930E.02 

-.176E.02 

• HIE 01 

• 3 9 1 E 60 

.810E 

01 

• 199E 01 

,2746 03 

,556E 

04 

21 

►.Uoe.oi 

.379E.02 

•23lE 0 1 

.278E BO 

»153e 

02 

.294E 01 

,292E 03 

,698E 

04 

22 

435E.pl 

•996E.02 

•290E 01 

•148E 00 

.182E 

02 

.261E 01 

,2976 03 

• 846E 

04 

23 

■*»999f«P2 

•999E.02 

•298E 61 

.l94E.nl 

• 172E 

02 

• 160E 01 

.292E 03 

• 994E 

04 

24 

-.552E.02 

.424E-02 

•295E 01 

..931E.01 

• 135E 

02 

•564E 00 

,2846 03 

• H4E 

05 

29 

-.268E.02 

.249E-02 

•20SE 01 

..904E.61 

.101E 

02 

.179E 00 

,2766 03 

»128E 

05. 

26 

-.423E.02 

•123E.02 
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..7?7E.01 

• 742E 

01 

-.9736.01 

♦270E 03 

• 1 4 1 E 

65 

27 

■»310E«03 

•676E.03 

•131E 01 

..303E.01 

»948E 

01 

-.630E.01 

.265E 03 

• 155E 
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28 

.368E.03 

.320E.03 

•109E 6l 

..362E.0 1 

• 409E 

01 

..385E.01 

*2616 03 

.168E 

05 

29 

•691E.03 

.*29iE,04 

•891E 60 

m , 1 79E.0 1 

• 309E 

01 

..368E.01 

,2586 03 

• 181E 

65 

30 

•761E.03 

-.164E-03 

•713E 60 

..721E-02 

• 238E 

01 

..230E.01 

.2556 03 

.194E 

05: 

31 

•878E.03 

••190E.03 

•601E 60 

..163E.01 

• 186E 

01 

..143E.01 

.2536 03 

.207E 

05 ; 

32 

.909E.P3 

..256E.03 

•514E 60 

..390E.02 

.146E 

01 

..114E.01 

,2516 03 

• 219E 

05 

33 

•8B1E.03 

..2B3E.03 

•436E 60 . 

..288E.02 

.115E 

01 

..326E.02 

.2491 03 

.232E 

05 

34 

♦848E.P3 

•,27ftE,03 

•409E 60 

• .20 1 E.02 

• 902E 

00 

..595E.02 

.2486 03 

• 244E 

05 

39 

.807E.03 

..268E.03 

•400E 60 

..139E.02 
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00 

..333 E.02 

,2466 03 
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Table C13. (Continued) 


pean responses (5) 
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1 

•000E* 
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2 
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04 
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05 
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05 

-.127E 

06 

-.109t 

05 

-.179E 

06 

3 
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05 

.103E 

06 

• 836e 

06 
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07 

,146e 

07 

• 193E 

07 

A 

( 200 e 

06 

• 2 n 2 E 

06 

.320 E 

07 

. 256E 

07 

,553t 

07 

.396E 

07 

5 

-.458F 

06 

.2 8 5E 

06 

• 727F 

07 

.391E 

07 

,126 E 

08 

.610E 

07 

6 

«.,861 E 

06 

• 3 1 7e 

06 

.129E 

08 

.504E 

07 

.223e 

08 

.791E 

07 

7 

*■ » i A2 e 

07 

,2*lE 

06 

.193 E 

08 

.543E 

07 

,337fc 

08 

.864E 

07 

8 

• » 216E 

07 

..216 e 

06 

.222E 

08 
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07 

.392E 

08 
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07 

9 

-.25l E 

07 
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06 

.219 E 

08 

-.24l£ 

07 

.392 t 

08 

-.295E 

07 

10 

-.2b5E 

07 

..163E 

07 
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00 

-.913E 

07 
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08 

• • 130E 

08 

11 

-.37] e 

07 

- * 1 5 IE 

07 

• A8l E 

07 

-.965E 

07 

• 125 E 

08 

* » 1 aoe 

08 

12 
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07 

..835E 

06 

.146E 
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07 

,283E 

08 

.926E 

07 

13 

-.313 E 

07 

..191E 

07 

.2C4 E 

08 

».»M6£ 

06 
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08 
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07 

14 

*.280 e 

07 

-.i 8 oe 

07 

• I98E 

08 

-.527E 

07 

.362 E 

08 

-.645E 

07 

15 

-.207E 

07 

..740E 

06 

.146 E 

08 

..62CE 

07 

.266E 

00 

-,931E 

07 

16 

-.116E 

07 

• 2g2E 

06 

• 779E 

07 

..450E 

07 

.143t 

08 

-.777E 

07 

17 

-.A6 7E 

06 
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06 

• 28l E 

07 

179E 

07 

.522E 

07 

-.408E 

07 

18 

-#108E 

06 

.770E 

06 
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06 

-.248E 

06 

. 1 ia E 

07 

-.137E 

07 

19 

•■.A49 E 

05 

• 3 1 8E 

06 

• 1 88 E 

06 

.754E 

05 

.365E 

06 

-.271E 

06 

20 

— iA2E 

07 

- t l64E 

06 

.*2l E 

07 

.29AE 

07 

,87lE 

07 

.506E 

07 

21 

07 

..569E 

06 

.Ag7 E 

07 

-.636E 

06 

.H9t 

08 

«• . 33gE 

06 

22 

-.36lE 

07 

-.6?6E 

06 

.354 E 

07 

-.24PE 

07 

,103e 

08 

-.317E 

07 

23 

-.35re 

07 

,.520£ 

06 

,1Ue 

07 

-.29RE 

07 

.628E 

07 

-.A27E 

07 

24 

-.*95 E 

07 

-.289E 

06 

*.100 E 

07 

..231E 

07 

.20l t 

07 

-.345E 

07 

25 

*.2Z1 E 

07 

-.163E 

06 

-.179E 

07 

•r • 146E 

07 

-.195 E 

06 

»*221E 

07 

26 

» . 167E 

07 

..561E 

05 

190 E 

07 

-.702E 

06 

-.106 E 

07 

»•» 109E 

07 

27 

07 

-.376E 

05 

• • 1 9 2 E 

07 

^.475E 

06 

-.156 fc 

07 

-.737E 

06 

28 

-.956e 

06 

.*2g2E 

05 

-.185 E 

07 

..353E 

06 

-.187e 

07 

-,546E 

06 

29 

* • 736e 

06 

-.7g5E 

04 

..l6g E 

07 

-.130E 

06 

— . 1 87 E 

07 

w.206E 

06 

30 

..5g5E 

06 

.328E 

02 

-.153 E 

07 

-.4&AE 

05 

l78fc 

07 

-.755E 

05 

31 

-.A84e 

06 

-.333E 

04 

-.143 E 

07 

*«568E 

05 

-.175 E 

07 

w.898E 

05 

32 

® • 399E 

06 

.11 lE 

04 

— • 1 3 1 E 

07 

..103E 

05 

m . 16 &E 

07 

-.lBZfe 

05 

33 

-.331E 

06 

.403E 

04 

-.Use 

07 

.201E 

05 

-.153 E 

07 

.283E 

05 

34 

m . 270E 

06 

.348E 

04 

-.1C5E 

07 

.209E 

05 

-.140 E 

07 

.304E 

05 

35 

-.^25e 

06 

.338E 

04 

-.946 E 

06 

,24lE 

05 

-.128E 

07 

.356E 

05 
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Table Cl 3. (Continued) 


RESPONSE COVARIANCES (5) 


t 

DELTA DELTA*DELTA 

DOELTA 

DZOQT 

delQ 

AY 

AO 

A Z 


1 

•OOOE" 8 o . 0 O 0 E- 8 O 

•000E-80 

.OOOE-flO 

•OOOfc -80 

•OOOE.80 

•000E-80 

•000E-80 

2 

• 3 A3E.08 .i75E*0<> 

•128E.04 

.967E.03 

.243E-07 

•155E.06 

.768E-08 

.120E.02 

3 

,1076-03 .674E-05 

•295E-64 

.117E 00 

.3846-06 

.431E-05 

• 143E-04 

• 157E 

01 

4 

.231E.03 -.229E-04 

•117E-03 

.264E <iO 

.3816-06 

.406E-05 

.3556-04 

. 1 12 E 

02 

5 

.377E-03 ..630E.04 

.278E-03 

,679E 00 

.595E-06 

. 553E.05 

,6006.04 

.426E 

02 

6 

♦529E.03 -.HIf-03 

•551E-03 

.159E 01 

.951E-06 

•772E.05 

.8606.04 

• 1 3 1 E 

03 

7 

•663E.03 ..166E.03 

.109E-02 

.331E 01 

• 159E-05 

* 103E.04 

.1096.03 

• 345E 

03 

8 

•597E.03 ..227E-03 

•179E.02 

.565E 01 

•445E-05 

•119E-04 

,1746.03 

.811E 03 

9 

,442e.03 ..238E-03 

•362E.02 

,360E 01 

•891E-05 

•532E.05 

, 2 806.0 3 

• 148E 

04 

10 

.212E-03 -.U0E.O3 

•183E.02 

.120E 01 

. 1 17E-04 

• 129E.05 

.4186.03 

♦ 180E 

04 

11 

.‘23E.03 ..451E.03 

•318E-01 

* 169E 02 

•378E-04 

.138E-04 

.7096-03 

• 117E 

04 

12 

.?44E.03 .. 131E.02 

.831E.01 

,105E 03 

.6416-04 

•674E.04 

. 1246.02 

.317E 

03 

13 

*2b 9E>03 .*4q8E«03 

•267E.01 

.355E 03 

.650E-04 

.182E-03 

, 1656.02 

• 576E 

04 

H 

.217E.03 ..269E-03 

•lllE.Ol 

.862E 03 

»56l6»04 

•354E.03 

.1856.02 

.369E 

05 

19 

• U9E-03 ..187E.03 

•800E.02 

,167E 04 

.339E-04 

•549E.03 

• 173E.02 

.132E 

06 

16 

.505E,04 .,9$6E.04 

.441E.02 

.277E 04 

•165E-04 

•725E.03 

.149E.02 

.352E 

06 

17 

.212E-04 ..507E-04 

•249E-02 

.416E 04 

.822E-05 

• 869 E.O 3 

.1346.02 

• 777E 

06 

18 

.945E.05 ..269E.04 

• 140E.02 

•592E 04 

.416E-05 

.984E.03 

. 1286.02 

. 152E 

07 

19 

.360E-05 -.124E.04 

.661E-03 

, 8 ll£ 04 

.2176-05 

.108E-02 

, 1266.02 

.270E 

07 

20 

,149E,04 -.238E-05 

.213E-03 

.105E 05 

.572E-05 

.112E.02 

.7766.03 

.451E 

07 

21 

.261E.04 ,.907E-05 

.671E.04 

,119£ 05 

.452E-05 

•103E.02 

.2896.03 

,704£ 

07 

22 

13E-04 ..104E.04 

.201E-04 

,124E 05 

.2266-05 

.869E-03 

.648E.04 

. 103E 

08 

23 

.106E»04 ..667E.05 

.679E-05 

.120E 05 

.745E-06 

•694E.03 

.5126.05 

.141E 

08 

24 

.301^.05 ..237E-05 

•247E-05 

,114E 05 

.137E-07 

.545E.03 

. 6806.06 

.185E 

08 

25 

,684e,06 ..639E-06 

.725e„06 

. 109E 05 

.493E-08 

.437E-03 

. 165E.06 

.233E 

08 

26 

•143e» 06 »»l42£.06 

•164E.06 

.105E 05 

,120 t -08 

.357E.03 

.3556.07 

.285E 08 

27 

*904 E .08 ..195E.OT 

.432 E- 07 

,102e 65 

,514£-09 

.297E.03 

,3596.08 

.342 E 

08 

28 

.127E.07 .1O8E-07 

• 102e»(57 

.997E 64 

.2796-09 

.251E.03 

.102E.08 

,404£ 

08 

29 

• 3 96E-07 ..154E.08 

•265e.^8 

.977E 64 

.4636-10 

.215E.03 

.594E.08 

• 469E 

08 

30 

,541e.07 ..USE - 07 

.531E-08 

.960E 04 

•104e-10 

.186E.03 

.8956.08 

.539E 

08 

31 

.720E-07 ..157E-07 

•592E-08 

.946E 04 

,1196-10 

.162E.03 

.119E.07 

.613E 

08 

32 

.772E.07 ..218E.0T 

♦775E.08 

.934E 04 

. 2886-11 

. 143E.03 

,1336.07 

.69lE 

08 

33 

.725E.07 ..233E.07 

.832E.08 

,924£ 04 

• 1 8 1 E — 1 1 

.127E.03 

.1276.07 

.774E 

08 

34. 

.671E-07 ..2i.8E.OT 

.740E.08 

.915E 04 

. 1226-11 

•113E.03 

.1186.07 

• 860E 

08 

35 

.207E.07 ..2O2E.07 

.677E.08 

,905e 04 

, 1 1 8E-1 1 

.102E.03 

.107E.07 

.951E 08 
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Table C13. (Continued) 


RESPCNSfc CCVARI ANCES (5) 


t 

MT 

NIH»CNIT 

CUT 

CALF 


GALF*DQALF 

DQAlF 


1 

•OCOE -80 

• 0 fi 0 E -&0 

•OCOE-flO 

•OOOE* 

-80 

• 000 E -80 

•OOOE-Eo 

2 

.B38E.03 

.H9E-02 

.343E-C2 

.124E. 

.01 

.44 lt-02 

.479E.02 

3 

.36CE-02 

-.152E-02 

.HlE-02 

• 731E 

01 

• 1988 00 

.197E 

00 

A 

• 1 

-.163E-02 

.644E-0? 

.HIE 

02 

.5428 00 

.1468 

01 

5 

•A46F-01 

-.10lE- n 2 

•266E-01 

.268E 

02 

• 12 t>fc 01 

.633E 

01 

6 

, 66 ?e »01 

.774E-03 

.871E-C1 

.38?E 

02 

.226E 01 

.221E 

02 

7 

. 126 F 00 

.634E-02 

•272E 00 

.504E 

02 

.3538 01 

• 721E 

02 

8 

.171E 00 

.683E-02 

• 6 1 3e 00 

* 509E 

d 2 

,340t 01 

.190E 

03 

9 

• |34f 00 

.265E-01 

.956e 00 

.498E 

02 

,45 lfc 01 

.A18E 

03 

10 

,343e 00 

-.409E-01 

.233E 01 

,5098 

02 

.2648 01 

.870E 

03 

11 

.^24E 01 

-,92lE 00 

. 222 e 02 

,250e 

02 

-,803e 01 

. 187E 

04 

12 

.1«4e 01 

-.273E 01 

•956e 02 

.2S6E 

02 

-.584E 01 

.364E 

04 

13 

»*22E 01 

• • loOp n l 

.590E 02 

• 3 3 1 E 

02 

•2968 01 

. 588E 

04 

u 

,827e 00 

-.405E 00 

.285E 02 

.333E 

02 

,223E 01 

.661E 

04 

15 

.357E 00 

.,135E 00 

.972e 01 

.2 15E 

02 

-,422e 01 

.470E 

04 

16 

« i 42E 00 

-.21 4E-01 

•303E 01 

.121E 

02 

..8068 01 

.276E 

04 

17 

.5B8E-01 

.477E-02 

•155E 01 

.655E 

01 

-.724E 01 

.160E 

04 

18 

.H9E-01 

,.563E-03 

• 121E 01 

.368E 

01 

-,443e 01 

. 940E 

03 

19 

• 156E»0 1 

-.382E-02 

.941E 00 

• 207E 

01 

-.2378 01 

.556E 

03 

20 

,i73E 00 

.554E-01 

•669E OC 

. 113E 

02 

-.2958 00 

. 330E 

03 

21 

, 108 E 00 

,470E«01 

.586E 60 

« 3 1 IE 

02 

,324fc 00 

.197E 

03 

22 

ti04E 01 

-.524E-02 

«459E 00 

.382E 

02 

-»l4lE 00 

. 1 HE 

03 

23 

• iO^E 01 

-•441E.01 

•399E 00 

• 313E 

02 

.. 562 E 00 

. 681 E 

02 

24 

.725E 00 

-.527E-01 

.353E 00 

.180E 

02 

-.7208 00 

.395E 

02 

23 

.463E 00 

•»3l 0E-01 

.264E 00 

.966E 

01 

-.3438 00 

.220E 

02 

26 

.29lE 00 

..150E-01 

♦178E 00 

. 5 18E 

01 

-.1628 00 

.use 

02 

27 

• 191E 00 

..840E-02 

•123E 60 

.2 82E 

01 

-.759E-01 

• 582E 

01 

28 

.±23E 00 

-.493E.02 

.810e»01 

.157E 

01 

-.366E-01 

.296E 

01 

29 

.822E-01 

..231E-02 

•524E.61 

.891 E 

00 

-.1878-01 

. 1 52E 

01 

30 

.579E-01 

-.125E-02 

.342E-01 

* 529E 

do 

..995E-02 

.765E 

00 

31 

.414E-01 

-.973E-03 

.208E.01 

.323E 

do 

-.537E-02 

.348E 

00 

32 

• , ?04E«01 

-.510E-03 

.llOE-Ol 

* 199E 

do 

-.2978-02 

.138E 

00 

33 

.220E.01 

..222E-03 

.502E.02 

. 123E 

00 

..164E-02 

.470E.01 

34 

.195E-01 

-.158E-03 

•177E-02 

.759E-01 

. .8898-03 

•125E-01 

33 

.196E.01 

.. 106E-03 

•303E-03 

.478E. 

.61 

-.502E-03 

• 1 55E. 

.02 



Table C13. (Concluded) 


RESPONSE CC^R^CES 1 (5) 


t 

lBl 


iBi*niBi 

DIPl 

% 

I p 2 


IB2*UIB2 

DIB2 

IB3 


IB3#DIB3 

D|B3 


1 

•0CCF-80 

.OO'OE-BO 

•OOOE- 

▼ 

■80 

• 000E-80 

•OOOE- 

•80 

»000E« 

,80 

.OO0t-80 

.000E-80 

.OOOE-HO 

2 

.?H8E 

li 

*1s4E 

12 

.4C5E 

12 

.193E 

12 

.l57 t 

13 

.130E 

14 

.179E 

12 

.2l6E 

13 

.265E 

14 

3 

.60 2F 

11 

..9?4E 

11 

• 3a2e 

12 

«48CE 

14 

.221£ 

14 

.320E 

14 

.1376 

15 

.570E 

14 

.736E 

14 

4 

.i?2E 

12 

-• 1<>4E 

12 

. A 1 7 E 

1 3 

.103E 

15 

.255e 

14 

• 92SE 

14 

«295E 

15 

.667E 

14 

.212E 

lb 

5 

.?85f 

12 

-.279E 

12 

.2fl0£ 

13 

.164E 

15 

.253E 

14 

.205E 

15 

.476t 

15 

.69lE 

14 

,469fc 

lb 

6 

.' 29E 

12 

-.454E 

12 

. P 1 3 £ 

13 

.224E 

15 

,200 e 

14 

.401E 

15 

.660E 

15 

.599E 

14 

,913E 

lb 

7 

.13 p F 

13 

-.7s3£ 

12 

. 1 4 i £ 

14 

.276E 

15 

.462e 

13 

• 800E 

15 

,8l7E 

15 

,285E 

14 

.me 

16 

8 

*E3?e 

13 

- . 1 lOE 

13 

.3l9E 

14 

.235E 

15 

-.476e 

14 

.137E 

16 

.713E 

15 

-.98l£ 

14 

,30Jfc 

16 

9 

.-i77E 

13 

..165E 

13 

• t >77E 

14 

.17CE 

15 

-,929£ 

14 

.287E 

16 

.5206 

15 

-.200E 

15 

.6 32e 

16 

10 

.373f 

13 

.3%E 

12 

.653£ 

14 

. 8 82 E 

14 

-.507E 

14 

. 1 66E 

16 

.255E 

15 

-.129E 

15 

.343£ 

16 

11 

.968F 

13 

.H3E 

13 

.^24E 

15 

.185E 

15 

-.l99t 

15 

.244E 

17 

• 395E 

15 

-.536E 

15 

,550e 

17 

12 

.12 7E 

14 

-.7n8E 

13 

.108E 

16 

,25?t 

15 

-.832fc 

15 

.633E 

17 

.565E 

15 

-.197E 

16 

.143E 

lb 

13 

.92frp 

13 

-.7996 

13 

,6.q4 E 

15 

,160E 

15 

-.350 E 

15 

.220E 

17 

.3996 

15 

-.759E 

15 

.477E 

17 

14 

»5g r E 

13 

..747E 

13 

. /, 96E 

15 

.106E 

15 

-.l99t 

15 

,998t 

16 

. 280E 

15 

-,408E 

15 

,Z07t 

17 

15 

.*75 E 

13 

»«6i 8E 

13 

.328E 

15 

, 523E 

14 

-.153E 

15 

.695E 

16 

.146E 

15 

-,310E 

15 

. 146E 

17 

16 

.1 1 1 E 

13 

-.2 90E 

13 

.163e 

15 

.213E 

14 

-.793E 

14 

.372E 

16 

. 6 O 76 

14 

-.164E 

15 

,79*6 

16 

17 

.523E 

12 

-.1321: 

13 

.B'.Se 

14 

.P74E 

13 

-.402E 

14 

,20 7 E 

1 6 

.251E 

14 

-.847E 

14 

.443E 

16 

1 8 

.^’7E 

12 

..6fl2E 

12 

.44 l£ 

14 

.3 B 2E 

13 

-.208E 

14 

.114E 

16 

, 1 1 OE 

14 

-,447E 

14 

.2476 

16 

19 

.126E 

12 

-.2«:2e 

12 

.21 3e 

14 

,139E 

13 

-.926E 

13 

.53 8 E 

15 

,405E 

13 

-.203£ 

14 

,H6E 

16 

20 

• 37 1 e 

12 

..945E 

11 

.978E 

13 

.33l£ 

13 

-.125 t 

13 

. 1 83E 

15 

, 13^fc 

14 

-.382E 

12 

.385E 

lb 

21 

.ll^E 

13 

« 666E 

11 

.^R7E 

13 

.346E 

13 

-.132 t 

13 

.60ae 

14 

, 191E 

14 

-,284£ 

13 

.120E 

lb 

22 

.150 F 

13 

,1?0E 

12 

.247E 

13 

.153E 

13 

-.U9E 

13 

.184E 

14 

,126E 

14 

-.446E 

13 

.3Z6E 

14 

23 

.135E 

13 

.104E 

12 

.131E 

13 

.141 fc 

12 

-.397e 

12 

.633E 

13 

,422fc 

13 

-.294E 

13 

,927 E 

13 

24 

.856E 

12 

.412E 

11 

.720 E 

1 2 

.I0l£ 

12 

.^92 E 

12 

.2tt 9E 

13 

.404E 

12 

-.695E 

12 

.376£ 

13 

25 

.^e 

12 

.lflSp 

11 

.362e 

12 

, 3f)4£ 

12 

,225fc 

12 

.127E 

13 

.4256 

10 

• 3i lE 

11 

,l46fc 

13 

26 

,26lE 

12 

.5a4£ 

10 

. *• 82£ 

12 

,34lt 

12 

.U?E 

12 

.564E 

12 

,107t 

12 

.103E 

12 

,553E 

12 

27 

,±54 E 

12 

.297 £ 

10 

.913e 

1 1 

, 344 £ 

12 

,B05 t 

11 

.273E 

12 

,22 9 e 

12 

,1°4e 

12 

,255 fc 

12 

28 

.057 E 

11 

.l9*E 

10 

,413 E 

1 1 

,322£ 

12 

.586E 

1 1 

.126E 

12 

.326E 

12 

.925E 

11 

.lZlE 

12 

29 

.?°7E 

11 

.2?3E 

09 

,2C0 E 

1 1 

.26FE 

12 

,192e 

11 

.58eE 

11 

.3266 

12 

,342E 

11 

,53l£ 

11 

30 

• 3 3 1 E 

11 

- . 1 S0£ 

O 9 

,1G2 E 

11 

,?19E 

12 

.576t 

10 

.3066 

11 

.297E 

12 

.115E 

11 

.282e 

11 

31 

. z l9E 

11 

.375E 

08 

» 44 9F 

n 

.I9PE 

12 

.699E 

10 

.145E 

11 


12 

.139E 

11 

.lSOfc 

11 

32 

• l^^E 

11 

-.10l£ 

OS 

.178e 

10 

,l6 p E 

12 

.BH2e 

OS 

.611E 

10 

. 2^8t 

12 

.233E 

10 

. 677E 

10 

33 

.i°2E 

11 

- .1*526 

OS 

.622E 

0 9 

.129E 

12 

-.240 E 

10 

.236E 

10 

, 2 1 7fc 

12 

-.430 E 

10 

.287E 

10 

34 

,?7g E 

10 

,.lri5E 

Os 

.139E 

09 

.103E 

12 

- • 2 1 6 E 

10 

.720E 

0 9 

,1826 

12 

-.*°7E 

10 

.996E 

OS 

35 

,A71e 

1C 

-,8?9E 

08 

.2 08F 

Os 

.P34E 

11 

-,223 t 

10 

.162E 

O 9 

.153E 

12 

-.*39E 

10 

# 282 t 

OS 
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Table C14. qa (c6) Covariance Results 


mean RESPONSES ( 6 ) 

T KELT* DDELT* NSUBIT 0NSU6IT QALF QDALF DZ Z 


1 

• 0OOE 

• 60 

•060E.60 

• Otf0E*6O 

•oote.eo 

2 

•am 

•05 

tl2 3 E-|3 

ant 

;i73E- 

•02 

•243E*02 

3 

-tl34E 

•02 

••1122.02 

•01 

-.218E-02 

•77SE-03 

4 

-•300c 

•02 

•t 164E-02 

• 39 iE< 

.01 

5 

• •USE 

•01 

•«l46E.02 

,137E 

00 

.973E.02 

6 

-,202e 

•01 

• 1 301 e-03 

;253e 

00 

f 234 E .01 

7 

••307E 

-01 

•210E-92 

ai’E 
• 454E 

00 

.467 E *01 

S 

.,3452 

-Ol 

tB90E.02 

00 

•»952 E ,0* 

9 

•♦3*0e 

• 01 

t 132E-81 

il46E 

00 

;i24E-01 

It 

•«190e 

• 01 

.182E-$1 

-.846E-01 

•;116E ot 

11 

,215 C 

• 02 

,U2 E -Ol 

• ;597E 

00 

-»A8t E 00 

12 

.194E 

•02 

-.332E-02 

• !l34E 

01 

•»363 E gf 

13 

.,565E 

• 03 

t634E.B3 

..21 IE 

01 

.,607E Ot 

14 

••169E 

• 02 

tl6lE-t2 

-.239E 

01 

•;i94E 00 

13 

•»827e 

•03 

t 384E-03 

.,2232 
• • 1 64 E 
— i 96 6 E 

01 

;33tE Ot 

16 

•nie 

•02 

• 1 l 34 E -^2 

01 

•42t E Ot 

17 

«2t2E 

• 02 

-,l73E-i2 

00 

• 21 ie ot 

IS 

,144 C 

.02 

• «U7E.02 

• ,430E 

00 

.463E.01 

19 

• 213E 

•03 

-•377E-03 

••U3E 

00 

•335E*02 

2t 

• ♦170E 

•01 

• t373E><l2 

;206E 

i4l3 E 

01 

,787E Ot 

21 

-.240 C 

.01 

t020 E .t2 

01 

,322 c Ot 

22 

• »2B3E 

•01 

,1072-01 

;46SE 

01 

;203E*01 

23 

..I37e 

•01 

,6962-02 

:A33e 

01 

•;114 E 00 

24 

•»762C 

"22 

1 368E-02 

• 338E 
;288E 

01 

*t 161E 00 

23 

-.3692 

•02 

,342E.02 

01 

• t l4lE Ot 

26 

•tl69E 

• 02 

tl68E-t2 

• 226E 

01 

•;iue ot 

27 

*«426E 

•03 

t923E.03 

• 184E 

01 

-,7212.01 

28 


•03 

,438 E -$3 

;147E 

01 

• * 323 E *01 

*2 

St 

♦ Stas 
,lt4E 

•03 

.02 

••4002-04 

•,226E.t3 

•tsf? 

St 

•» 288 e *01 

•:132 E .01 

31 

title 

■02 

••2612.03 

• 649E 
.7262 
i6l7e 

00 

-.2282-01 

32 

,1«E 

.02 

• t 331 E.03 

to 

• t 937c*02 

33 

.ltic 

•02 

•»389E*03 

00 

•t466 E »02 

34 

tll6E 

•02 

••3782*03 

;376£ 

00 

•;34ie* 9 2 

33 

tlUE 

.02 

.,366E.t3 

*37«E 

00 

.,2302.62 


tOOOE, 

,80 

tOooE.eo 

.0002. 

• 60 

•000E-60 

♦469E, 

•02 

•333E-02 

• •9o2E' 

•03 

••8662-03 

• 390E 

00 

t H3E Ot 

• • 333 E < 

• 01 

•t 1092 00 

• UOE 

01 

•288E 00 

•»226E 

00 

•,741E 00 

1 316E 

01 

•997E Ot 

-.621E 

00 

••2732 01 

.367E 

01 

,1082 01 

-,139c 

01 

•,747e 01 

t87 2 E 
• 103E 

01 

02 

•Mil St 

••24’E 

••384E 

SI 

.,1682 02 
•,330 E 02 

• U2E 

02 

•327E 01 

••2aiE 

01 

••SIZE 02 

• 114E 

02 

.453E 01 

.2332 

01 

•.943E 02 

,321 E 

01 

f 410 C 01 

,126 E 

02 

•, 206 E °2 
•8862 02 

• 3 0 3E 

01 

•679E ol 

,3322 

02 

»292E 

01 

,91 1 E .01 

.6332 

02 

,324E 03 

• 243E 

01 

•361E 01 

. 1042 

03 

•737E 03 

tlOlE 

01 

•t 198E 01 

.13AE 

03 

•1362 04 

•t424 E 

00 

•• 720 e 01 

.207 E 

03 

.2282 04 

•tllOE 

01 

.,764E tl 

,2622 

03 

•349E 04 

••993E 

00 

.,534E 01 

.3132 

03 

,489 E 04 

••209E 

00 

••231E 01 

.3692 

03 

•660E 04 

• 148E 

02 

•393E 01 

.4172 

03 

.6572 04 

• 268E 

02 

,354 E 01 

.4372 

03 

,1072 05 

ttB3E 

02 

,241E tl 

,4372 

03 

,129E 05 

«243e 

02 

,131c tl 

.4272 

03 

,151C 05 

• 166E 

02 

•464E 00 

.4142 

03 

•1722 05 

• 139E 

02 

tllOE tt 

.4042 

03 

,192E 05 

• 102E 

02 

••146E Ot 

.3962 

03 

•212E 05 

,7522 

01 

..964E.01 

.3892 

03 

,2322 05 

.36lE 

01 

.,6192-01 

.3832 

03 

,2512 05 

• 424E 
,3272 

01 

•.5342-01 

.3792 

03 

.2702 0® 

01 

.,332E,tl 

.3732 

03 

,2692 05 

• 233E 

01 

••231E.01 

.3722 

03 

•30eE 05 

• tttE 

01 

•f lOtE.tl 

.3692 

03 

,3262 05 

• 137E 

01 

.,8222-02 

.3662 

03 

,345e 05 

a*4e 

01 

• t 924E. B 2 

.3642 

03 

,3632 o5 

.9832 

00 

.,6132.02 

,3622 

03 

,3812 05 
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Table Cl 4. (Continued) 


mea* responses ( 6 ) 


t 

IB1 


D1B1 

1B2 


D 1 62 

163 

D!»3 

1 

•ooqe. 

-,672E 

» 0 q 

04 

.:???!■ 

► 80 
05 

. 000 E. 

„132E 

1? 


• 80 
06 

• 000 E. 

..109E 

.00 

03 


>60 

06 

3 

•»667E 

03 

» 103E 

06 

;s36E 

06 

.125E 

07 

.146E 

07 

• l»3t 

07 

4 

• , 200 C 

06 

*202E 

06 

.320E 

07 

.256E 

07 

. 553E 

07 

, 396E 

07 

3 

•«430p 

06 

, 2 J>E 

06 

;727 E 

07 

.391 E 

07 

»126 E 08 

»® 10 E 

07 

6 

•« 86 lC 

0 6 


06 

;i29E 

0 ® 

.5 0 4E 

OT 

*223E 

00 

.791E 

of 

7 

.,1«2E 

07 

,241E 

06 

;193E 

06 

;343E 

07 

.337E 

00 

,B64E 

07 

0 

.. 210 E 

07 

•• 294 E 

06 

.20eE 

06 

.936E 

06 

• 370E 

00 

.126E 

07 

9 

.,241E 

07 

-.917E 

06 

• 186E 

08 

-,406E 

07 

.338C 

00 

• »554£ 

07 

10 

-,273 C 

07 

•«1»4 E 

07 

i«92 E 

07 

-.119c 

08 

• leic 

00 

..173e 

00 

11 

•«336E 

07 

•*199E 

07 

-i7l2E 

07 

••132E 

66 

• «736E 

07 

-,227E 

00 

12 

• f 2«9E 

07 

-,136E 

67 

• .553E 

07 

•,197 E 

06 

..601E 

07 

,13/E 

07 

13 

-*2Q3E 

07 

•*204E 

V 

-.297E 

07 

••307E 

07 

-•237E 

07 

n *3B3E 

07 

14 

•«124E 

07 

-.HOE 

07 

.;677E 

06 

»*329£ 

07 

« 102E 

06 

..356E 

07 

13 

• »3>5C 

06 

•.251E 

«6 

••606E 

04 

-.323E 

06 

.432E 

06 

..536E 

06 

16 

,i«8C 

06 

i790E 

06 

-.474E 

06 

.203e 

07 

-* 102E 

07 

.237E 

07 

IT 

,3»5e 

06 

t 120 E 

67 

-,834 E 

06 

.26lE OT 

-,182E 

07 

*314 E 

07 

1» 

• 2*2E 

06 

«699E 06 

-.584E 

0® 

• 202E 

07 

••129E 

07 

»Z2ZE 

of 

19 

,574E 

05 

,356E 

06 

-♦567E 

03 

'613E 

06 

• * 163E 

06 

,B99E 

06 

20 

••236E 

07 

-•331E 

06 

• 777E 

07 

.371E 

07 

.160E 

00 

• 983E 

07 

21 

-*521E 

07 

•* 67§E 

96 

«83tE 

07 

..217E 

07 

• 202C 

00 

b»240E 

07 

22 

-,360 E 

07 

-,024? 06 

,501 E 07 

..462c 07 

,153 E 00 

-,630E 

07 

>3 

-.5n9E 

o7 

-.6 t 7E 

06 

il2lE n7 

-.M6E 

0* 

.833E 

0* 

.. 639E 

of 

24 

-,406 E 

07 

-,337 E 

96 

..I38E 

07 

.,3Me 

07 

,270E 

07 

„473E 

07 

23 

-.304E 

°I 

••204E 

96 

••246E 

07 


07 

••260E 

°6 

..3»1E 

•7 

26 

•»229E 

of 

• » 736E 

05 

.,26lE 

07 

06 

• • 146E 

07 

.,14SE 

07 

27 

•«176p 07 

•»493f 

95 

«»263 e 

07 

.,646 E 

06 

• • 2 1 5 E 07 

..100 E 

07 

26 

• t 131f 

07 

■ t 380E 

95 

••2S3E 

07 

-.4826 

06 

-.23SE 

07 

..746E 

06 

29 

.,10lE 

07 

-,999E 

04 

--232E 

07 

-,177 E 

06 

.,236E 

07 

•»20OE 

06 

30 

•»0l7E 

06 

• 539E 

03 

-•210E 

07 

-.62ZE 

03 

• »245E 

07 

•■ 1(22 

06 

31 

• *664 E 

06 

• * 3 <9 3 E 

94 

-il96E 

07 

..769E 

03 

•»240E 

07 

a. 122C 

06 

32 

-♦346 E 

06 

*l93 E 

94 

««lS6 E 

07 

•»134 c 

05 

•«220e 

07 

-.24 2e 

03 

33 

-,435E 

06 

.57«E 

64 

..161E 

07 

, Z 89 E 

03 

-.21 OE 

07 

.393E 

03 

34 

•«370 E 

06 

,300E 

94 

• f U4E 

07 

»29#E 

03 

-,191E 

07 

,419E 

05 

33 

••309E 

06 

♦ 486E 

04 

-#130E 

0? 

• 336E 

03 

*.l76C 

07 

.493C 

05 



Table C14. (Continued) 


RESPONSE COVARIANCES (6) 
t DELTA OEIT A»DEIT A 

DDELTA 

DzDOT 

DEIQ 



48 

4 * 

1 

.000 E *80 

•oooe-ao 

.oooe-bo 

• 000 E ' 

>80 

» OOOf -80 
.243!. 07 

• OOOE 

>80 

, 000 E .80 

,000 E *80 

.120E-02 

2 

*3*3E«O0 

•175E.96 

.128E-04 

.967e« 

>03 

.155! 

.06 

.768!. 08 

3 

.107E.03 

f 674E„ft3 

;295E.04 

ill7E-03 

; 1 17E 

00 

.384E.06 

, 431E 

.05 

.143E.04 

,157E 01 

4 

•231E-03 

• *229E-04 

• 264E 

00 

•381E.06 

• 406E 

•05 

•355E-04 

.U 2 E 02 

5 

»377E-03 

• 1 6 30E-Q4 

.278E-03 

• 679E 

00 

•595E.06 

»553E 

.05 

.600E.04 

•426E 02 

6 

.5Z9E»03 

-,uie-03 

i55lE-03 

• 159E 

01 

.95U-06 

.772E 

• 05 

.860E-04 

• 1 3 1 E 03 

7 

.663E-03 

• « 1 66E»d3 

.109E-02 

< 33 3 E 

01 

. 159E*05 

• 103E 

■ 04 

•109E-03 

.345E 03 

S 

.539E-03 

•# 240e»93 

.253E-02 

f 539 E 

01 

,456 E .05 

, 11 4 E 

.04 

f l92 E -03 

,809 E 03 

9 

♦344E-03 

• • 23^E*Q3 

•624E-02 

.19»E 

.389E 

01 

»9i9E*05 

♦ 28 lE 

•05 

•354C.03 

• 13«| 04 

10 

.109E.03 

f 66 3E-0Z 
.333E-01 

01 

♦890E.05 

,634E 

.05 

.595C.03 

. 125E 04 

11 

. 459 E-O 4 

••490E-&3 

• 6 2 1 E 

02 

*2302.04 

.5«eE 

.04 

• 1 15E-02 

•266E 03 

12 

, 102E-03 

-.124E-B2 

.821E-01 

• 291 £ 

03 

•411E.04 

* 187E 

.03 

• 188E-02 

.270E 04 

13 

,133 E .03 

• f l53g-02 

, 100 E 00 

.863 e 

03 

.557E-04 

» 442 E 

.03 

, 268 E .02 

,265 E 05 

1 « 

*129E»o3 

•• 133E-02 

;B59E-q1 

• 200 E 
,383E 

0 4 

*54nE*o4 

. 822 E 


.321E-02 

,32*E«02 

•ilTE O’ 

15 

.101E.03 

• • ®64E»d3 

.549E-01 

04 

.403E.04 

. 126E 

, 3 6 3 E 06 

U 

.52lE»04 

•f3 9 2E-03 

.241E-01 

.633E 

04 

.210E.04 

* 1 66 E 

.02 

•299E.02 

«900£ 06 

17 

•240E>04 

* • 1 6 3 E — 0 3 

.994E.02 

♦ 953E 

04 

•102E.04 

* 1 99E 

•02 

.283E.02 

• 191 E 07 

18 

. 107 E *04 

• t 660 e»04 

»397 E »02 

• 136g 

05 

*496 E .05 

» 226 E 

.02 

.279 E .02 

.365 E 07 

19 

•411E-05 

-.238E-Q4 

.154E-02 

• 1 8 6 E 

05 

.224E.05 

* 247E 

• 92 

.281E-02 

•643E 07 

20 

,420e.04 

.169E.65 

;408E.03 

,239E 

05 

• 187E.04 

,255E 

.02 

, 353E.02 

* 1 06 E 08 

2 l 



. 10qE-03 

• 263E 

05 

.103C-04 

* 22 ?E 

•02 

•399E.03 

. 1&4E Os 
,236E 08 

22 

.353E.04 

.263E 

05 

.269E.05 

,185E 

•02 

.674C.04 

23 

.212r.04 

-*143 E .04 

• 122c-04 

.252- 

05 

*50q e .06 

• U5 E 

•02 

«696 E *05 

.321 E 08 

24 

•622E-05 

• * 488E-05 

.443E.05 

.239E 

05 

•265E.07 

• 114E 

.02 

.UO E .05 

. 4 1 5 £ 08 

25 

,142 E .05 

-,132 E .05 

.A36E-05 

i 2 2 9 E 

05 

.999E.08 

* 9 1 3 £ 

.03 

.342 E .06 

,520 E 08 

26 

*298E»06 

•»29sE-96 

•314E-06 

• 220E 

05 

.245E-08 

♦ ^46! 

•03 

»737 E .o7 

.633! O’ 

27 

.188E.07 

-.405E.07 

.885E.07 

,214E 

05 

•107E.08 

,620E 

.03 

.747E.06 

.755E 08 

28 

.264E-07 

.226E-07 

.203E-07 

.208E 

05 

.380E.09 

• 524E 

.03 

.213E-08 

.S87E 08 

29 

•826E.07 

..40OE-O8 

.275E-06 

.204 E 

05 

•928E.10 

»448E 

.03 

.124E.07 

.103E 09 

30 

t U3 E -06 

.,245 E .07 

# 807 E "08 

i962E-o8 

*20 1 E 

05 

,173 E .10 

,388 E 

.03 

,187 E .07 

. 1 1 8e 09 

31 

* l 5 OE*o 6 

-*327E-q7 

• 1 9 8 E 

o’ 

* 208 E *10 

.339C 

•03 

.2A9E-07 

•133E o’ 

32 

.161E.06 

..454E.07 

;144E.07 

;195E 

05 

.340E.11 

,298E 

• 03 

.277E.07 

• 1 5 0 E 09 

S3 

»151E*0 6 

-. 407 E-O 7 
*» 455E.07 

.U5E-07 

• 1 9 3E 

05 

•240E.11 

• 265E 

•03 

. 266 E .07 

. 168E 09 

34 

.140E.06 

.151E-07 

;ui e -07 

.191E 

05 

•196E.11 

• 236E 

.03 

.247E.07 

•186E 09 

35 

«127 e >06 

-.422 E -fi7 

« l89f 

05 

*232 E .l 1 

. 212 e 

•03 

.224 E .07 

.205 C 09 
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Table 04. (Continued) 


RESPONSE COVARIANCES ( 6 ) 


t 

NIT 

N1 T*DNI T 

onit 

QALP 


QAir*DQAl.F 

DOALr 


1 

,000E*60 

• O(5OE*fl0 

.060E-80 

;oooe< 

.80 

. OOOE -60 

. OSOE< 

• 80 

2 

t 636E*03 

, 169E-02 

1343E-02 

;124 C . 

• 01 

,44l£.02 

,679E- 

••2 

3 

♦ 3 * 0 E »02 

-♦152E-02 

. 161 E -02 

♦ 731E 

01 

«196E 00 

♦ 107E 

00 

4 

.146E-01 

-•163E.02 

1644E.02 

;i 6 lE 

; 268 E 

02 

.542E 00 

, 146E 

•1 

5 

.3HE.01 

-.101E-02 

.266E-01 

*671E*01 

02 

.126E 01 

,633E 

01 

6 

t 662E«01 

.774E-«3 

.365E 

02 

«226E 01 

,221E 

•2 

7 

*126 E 00 

*634f-02 

•272e 00 

«504p 02 

«353e 01 

.721e 

62 

6 

\ll\\ 11 

,933E-a2 

•6j2E 00 

.473E 

0 « 

•290C 01 

fl08E 

63 

9 

•419E.01 

1866E 00 

;399E 

02 

,377E 01 

• 4§7E 

63 

IS 

t3SlE 00 

•315E-01 

• 2 j 6 E 01 

»347E 
• 1 3 1 E 

02 

t2«4E 01 

,B34E 

63 

11 

tl06E 01 

* 46 1 E »01 

;iS3E 02 

UslE 02 

02 

*»470E 01 

,176E 

64 

12 

»194| 01 

•, 112 E 00 

• 945f 

01 

••29lg 01 

,343 t 

04 

13 

,194c 01 

» 107f 00 

;1ose 03 

.960E 

01 

.926E 01 

.563E 

04 

14 

*1T7C 01 

» t ^64^*01 

1773c 02 

1103e 02 

,223E 02 

,64tE 

04 

15 

Jsolf 00 

,234E 00 

•• 174 E 40 

*363C 02 

:iw 

01 

1 I 72 E 02 

*461E 

04 

16 

• t 866E»®1 

:isie 02 
J 579 E 01 

01 

,370E 01 

,273E 

04 

17 

•tl34E>01 

.312e 

01 

*«2glE 01 

• 159E 

64 

16 

|116E 00 

•117E-02 

i223E 01 

.193E 

01 

••299E 01 

.939E 

63 

19 

,696 E *oi 

,260 E -O3 

1123E 01 

:125 C 

i310E 

01 

•,l2l£ 01 

,556 t 

63 

20 

•5lS c 2? 

»20SE 00 

•494E 00 

02 

•505E 01 

* 331 E 

03 

21 

,2Z7E 01 

,117E 00 

1400E 00 
»3q8E 00 

i943C 

02 

t 369E 01 

,197E 

63 

22 

•275E 01 

>«622E-01 

• 967E 

02 

••4$4E 00 

• 1 16E 

03 

23 

»226E 01 

•» 134E 00 

• 404C 00 

• 666E 

02 

•t 146E 01 

*68lE 

62 

24 

f 151 E 01 

••lose 00 

;356E 00 

;371e 

02 

•,115c 01 

,395e 

62 

2? 

•966E 00 

-*621E-(J1 

f 266E 00 

• 200E 

02 

•»547E 00 

«220E 

02 

26 

,606E 00 

••301E.01 

1179E 00 

;io6e 

02 

•*262E 00 

.U5C 

62 

27 

»399E 00 

-.169E-01 

• 124E 00 

*566E 

01 

•• 125E 00 

.582E 

61 

28 

«2S7E 00 

•«996E«02 

«811C*0l 

.525 E -01 

,326E 

til 

•.609E.01 

,296E 

61 

29 

•172 E 00 

• « 469 E -02 

• 1 86c 

01 

••3l8£>01 

.152e 

01 

30 

»1Z1E 00 

•.251E-02 

.342E-01 

.HOE 

01 

•.173E-01 

»765E 

00 

31 

( 064e.O1 

.* 198E.02 

;208E.01 

,675e 

00 

•.960E.02 

,348E 

00 

32 

»634E*01 
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Table C16. Quadratic (Q15) Covariance Results 
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Table C17. Attitude (C7) Covariance Results (At=0.02) 
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Table Cl 7. Continued 
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Table C17. Continued 
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.OOOE-80 

.000E.80 

23 

.OCOE-BO 

•OOOE-flu 

.000E-80 

.OOOE-Bp 

•OOOE.Su 

• OOu F-80 

.OOOE -80 

.OOOE-BO 

24 

.OOOE-BO 

.OOPE-BO 

,00 ft E-80 

•00UE-80 

♦OOOE-BO 

♦OOOE-80 

♦ OOOE-BO 

.OOOE-80 

25 

♦OOUE-BO 

♦ 000E-80 

•OOCE-80 

• OOOE-80 

♦OOOE.BO 

♦oojE-eo 

• 000F-80 

.oooe-80 

26 

.OOOF-BQ 

♦00PE-80 

.OOCE-80 

.OO'jF-PO 

♦OOOE.BO 

• OOOE-80 

♦OOOE -80 

• OOOE-80 

27 

•OOOE'BO 

• OOOE-BO 

.000e-80 

.OOO e -BO 

•OOPE-BO 

♦ OQuF-80 

.OOOf-BO 

♦OOOe-80 

28 

.OOOE-BO 

♦000E-80 

.OOOE-BO 

.oooE-eo 

♦OOOE-80 

• PP.lE-80 

.OOOE-BO 

. OOOE-80 

29 

.OOOE.BO 

.OOOE.BO 

.OOCE-80 

.OOOe-BO 

♦O00F.80 

.0Q9E-8U 

.OOOE-BO 

.O00E.80 

3 ii 

«OCOE-8o 

•OOPF-Bc 

. 000E-80 

•OOOE-80 

♦OOOE -80 

♦ OOOE -80 

.OOOE -80 

•OOOE-BO 

31 

.OnOE-BO 

•000E-8P 

• ODOE — 80 

.00GE-60 

♦COOE.SP 

♦ n 00E.80 

•OOOE-BO 

.000E-80 

32 

• OCGE-pO 

• 00CE-80 

.0CPE-80 

.OOOE-80 

♦OOOE-BO 

♦ oooE-ao 

.000E-80 

•OOOE-sO 

33 

.onuE-eo 

. OOOE.BO 

.000E-80 

.000E-80 

♦ OOOE.Bfi 

♦ OO. 1 E- 8 O 

.OOOE-BO 

.OOOE.BO 

34 

.ooue-bo 

.O^Oe-BO 

.OOCe-80 

,000e*80 

♦OOOe-80 

,00«e-80 

.OOOe-BO 

. 000e-80 

35 

.OOuE-BO 

♦000E-80 

.OOCE-80 

.00OE-80 

♦OOOE-BO 

♦ OOuE-BO 

•OOPE-BO 

•OOOE.BO 


Table Cl 7. Continued 


RESPONSE COVARIANCES 


rJ 

t 

NIT 

N I T"D N I T 

DNIT 

half 

Q4LF*DQ4LF 

do a lf 

1 

.000F-P0 

.OOOE-BO 

.OOOE-80 

.ocoe-80 

•OOOE. 60 

•OOjE-80 

2 

.258E-C3 

. 103 E -02 

.41 lE-02 

.377E- ftl 

.5P2E-02 

•313E-02 

3 

• 39 lE-02 

-* 158E-92 

, 1 A4E-02 

• 7 3 9 E 01 

• 199E 00 

• 1 57E 00 

4 

.1A7E-01 

-.140E-02 

•499E-02 

. 162 E 02 

,606e 00 

,977E 00 

5 

,3 4 9E-D1 

-• 125E-02 

.187E-01 

•271E 02 

• 1 bbe 01 

•358E ol 

6 

.667E-01 

-.5460-04 

.591E-01 

. 389E 02 

,303E 01 

. 1 C8E 02 

7 

,12bE 00 

•296E-02 

• 1 8 2 E 00 

.80eE 02 

• 541E Oi 

•315E 02 

8 

.213E 00 

•860F-02 

» 4 1 6 F 60 

,826E 02 

.826E 01 

•786E 02 

9 

.280E 00 

. p 0 1 e - 0 1 

• 6 1 7 E 00 

.6 1 3e 02 

• 1 4 7 E °2 

• 1 7 3 E 03 

10 

, AfUIE 00 

.272E-01 

.ii 2 e 01 

- 1 1 Be 03 

. 236E 02 

,346E 03 

11 

,7°4E 00 

-.599E-02 

.392F 01 

» 1 1 9 E 03 

.254E 02 

,B29E 03 

12 

, 748E 00 

-.854E-01 

. 1 7 8 E 02 

.11&E 03 

.328E 02 

• 1&7E q 4 

13 

,5l6E 00 

-. 755F-01 

.206E 02 

, 1 4 9E 0 3 

.45BE 02 

. 1 65E 04 

14 

• 000E-8C 

•000E-80 

• OOOE-80 

.00DE-80 

•OOOE-80 

• OOOE-80 

1 5 

.00UE-80 

.OOOE-BO 

♦OOOE-80 

•000F-8O 

•OOOE. 80 

• OOuE-80 

18 

.OOOe-80 

•oooe-bo 

.OOOe-80 

.000e-80 

• l*OOE-B'i 

•OOOE-80 

17 

, oooe-bo 

.0"OE-B0 

. OOOE — 80 

• OOOE-BO 

•OOOE. BO 

•OOOE. 80 

18 

.oooe-bo 

.00PE-80 

.COOE-BO 

.oooe-bo 

.OOOE-BO 

. OOu E-80 

J* 

♦ 000 E " 6 C 

•nooE- 8 o 

• 000 E -80 

. 0 0 1 E - 8 0 

•OOOE -80 

•OOoE-Bu 

20 

, OOOE-BO 

.OOOE-80 

.0O0E-80 

.OOOE-BO 

•OOOE. 60 

. OOOE-80 

21 

•OOOE-eO 

» OOoE-gO 

•uoOE-eO 

•OOOE-80 

• OOOE — 60 

• OOuE-gO 

2? 

.000E-80 

•OOCE-80 

.OOOE-BO 

• 0OUE-6O 

•OOOE -80 

. 0 0 6 E - 8 0 

23 

.000^-80 

• 000E-80 

.OOOe-80 

. 000e“60 

•OOOe-BO 

•OOOe-80 

24 

.OOOE-80 

• OOOE-Bo 

•OOOE-BO 

• OOOE-BO 

•OOOE . 80 

•OBOE. 80 

25 

, OOOE-BO 

.OOOE-BO 

.oooe-bo 

.oooe-bo 

.OOOE-BO 

, 00uE-80 

2 6 

» 000^ "®0 

• OOOP -®o 

.OCOE -80 

•OOOE-BO 

• 000*- B 0 

•COoE-BO 

27 

.OOOE-BO 

. 000E.80 

.OOOE-BO 

.OOOE. 80 

•oooe-bo 

•CC 0 E. 6 O 

28 

.OOOE-80 

•OOCE-80 

.OOOE-aO 

. oooE-eo 

•OOOE-80 

• OOOE-b® 

29 

.OOOE-BO 

•OOOE-80 

.OOOE-BO 

.oooe-bo 

•000E.8O 

•DOOE-60 

30 

.OOOE-BO 

.000r-80 

.OOCe-BO 

.OOOe-80 

•OOOE-BO 

•OOOE-80 

31 

.000E-8C 

• OOOE-80 

.000E-80 

. OOOE — 80 

•OOOE. bo 

.OOOE. 80 

32 

.OOOE-BO 

.oooe-bo 

, OOOE-BO 

.OOOf-80 

, OOOE-BO 

, 00uE-80 

33 

• 000 E-Bq 

• 00fiE-8o 

• O 0 OE -80 

» OOOE-BO 

• 000 E -80 

» 006^-8tf 

34 

. OOOE-00 

•000E.B0 

.OOOE-80 

, OOOE-80 

•OOOE . 80 

, OOOE-80 

35 

. OOOE-pC 

» OOoE-gO 

.OOCE-80 

.OOOE-80 

•oooe-bo 

.OCOE-flO 
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Table C17. Concluded) 


RESPONSE C0VAPIANCE5 


ro 

t 

!B1 

101*D1B1 

D 1 B 1 

162 

10?*D|B2 

D 182 

1B3 

1B3*D103 

D1B3 

1 

.QOQE-eo 

.OOOE-BO 

;oooe-bo 

, 00 u £• 

•OOOE.BO 

. OOdE-80 

.OOOE-BO 

.OOOE.BO 

♦OOOE.BO 

2 

,772£ 10 

,36l£ 11 

.169E 12 

. 1 1 1 £ 12 

-,2B0E 12 

, 71 7E 12 

.432E 12 

-,576E 12 

t 7BBE 12 

3 

• 6 1 3 £ U 

-•332E 11 

. 5 8 6 E 11 

.484E 14 

.928E 13 

. 4 1 9E 13 

.130E 15 

.239E 14 

♦962E 13 

4 

• 173E 12 

-.44flE 11 

.191E 12 

.103E 15 

.10BE 14 

, 987E 13 

.296E 15 

.2fllE 14 

,225E 14 

5 

,3 8 AE 12 

-. 57 1 E ’1 

,544f 12 

,l65E 1 5 

.115E 14 

.211E 14 

• 4?9E 15 

.3llE 14 

.472E 14 

6 

,726E 12 

-,576E 11 

,144e 13 

,226e 15 

.104E 14 

.4 l 3E 14 

.663e 15 

.Z92E 14 

,913E U 

7 

.129 E 13 

•»477e ll 

.385 e 13 

.277 E 15 

.677p 13 

.B23E 14 

. 820 E 15 

.219 E 14 

. 1 77 E 15 

8 

. 2 1 3E 13 

-,44lE 11 

• 928E 13 

.314E 15 

« 24 3E 13 

.159E 15 

, 94 5 E 15 

.143E 14 

,334 E 15 

9 

,2b3E 13 

,125E 12 

.161E 14 

,293e 15 

— . 1 3 0 E 14 

.238E 15 

.899E 15 

«.226E 14 

,490C 15 

10 

•330E 13 

• A30E 12 

• 1 8 3 E 14 

.215E 15 

• • 2 3 1 E 14 

•179E 15 

•679E 15 

-.507E 14 

. 34 5 £ 15 

11 

.7B2E 13 

— .394E 12 

• 5 3 6 E 14 

,3Ur 15 

.U7E 14 

•466E 15 

• 103E 16 

.622E 14 

♦B71E 15 

12 

,9 2 5E 13 

— • 1 0 1 £ 13 

• i 3 6 E 15 

.60 9E 15 

.344E 14 

• 1 2q E 16 

.l9»E J 6 

• 132e 15 

.245E 16 

13 

.'841E 13 

*♦ 151E 1? 

• 1 6 7 E 15 

.703e 15 

• • 525E 14 

• 16 IE 16 

. 2 1 6E 16 

•«B8lE 14 

• 307E 16 

1* 

.OCUE-BO 

♦OOOE-BO 

.OOOe-BO 

•000 E -80 

♦OOOE-BO 

•OOOE-BO 

.oooe-bo 

•OOOE-BO 

♦000 E -B0 

15 

.oooe-bo 

♦OOOE-BO 

.OOOE-BO 

•OOOE-BO 

♦ OOOE-Bn 

• OftoE-8 0 

•OOOE-OO 

•OOOE-BO 

♦OOOE.BO 

16 

.OOOE.BO 

•OOOE.BO 

.OOOE.BO 

.OOOE.BO 

.OOOE.BO 

.OOOE.BO 

.OOOE.BO 

•OOOE.BO 

♦OOOE.BO 

17 

• OO&E-BO 

.00dE-B0 

• OOOE-BO 

•OOOE-BO 

» OOOE-BO 

• OOOE-80 

•OOOE-Bo 

•OOOE.BO 

♦OOOE -80 

18 

.OOOE-BO 

♦ 000E-80 

•OOOE-BO 

.000E-80 

•OOOE.BO 

. oooE-bo 

.OOOE-BO 

♦OOOE.BO 

♦OOOE.BO 

19 

.OOOE-BO 

♦ O00E-8U 

•OOOE-BO 

.OOOE-BO 

•OOOE-BO 

•OOOE-BO 

.OOOE-BO 

♦OOOE-bO 

♦OOOE.BO 

20 

.000E-B0 

♦OOOE-BO 

.OOOE-BO 

. 0 0 & r -80 

♦ OflOE-BO 

•OOOE-BO 

•OOOE-BO 

♦OOOE.BO 

♦OOOE-BO 

21 

.ooo E -eo 

♦OObE-BO 

.OOOe-BO 

.000 E -80 

♦OOOe-BO 

.OOOE-BO 

,000 E -60 

•000 E «bO 

♦OOOe-80 

22 

.OOOE-BO 

♦ OOOE-80 

.OOOE-BO 

.OOOE-BO 

♦OOOE.BO 

•OOOE-BO 

, oooe-bo 

•OOOE.BO 

♦OOOE-SO 

23 

, OOOE-BO 

♦OOor.BO 

.OOOE-BO 

.OOOE-BO 

.OOOE.BO 

.OOOE.BO 

.OOOE-BO 

.OOOE.BO 

.OOOE.BO 

24 

» OOoE-Bo 

•OOoE-Bo 

.OOOE-BO 

.OOOE-BO 

• OOOE.Bo 

•0002-80 

• OOOE-Bo 

• OOOE.BO 

♦OOOE.Bo 

25 

.OOOE-BO 

.0O0E-80 

.OOOE-BO 

.000E-80 

•OOOE.BO 

.OOOE.BO 

.oooe-bo 

♦OOOE.BO 

•OOOE.BO 

26 

•OOOE-BO 

• OOOE-BO 

•OOOE-eO 

.OOOE-80 

•OOOE.BO 

•000E-80 

•000E-80 

•OOOE-bO 

•OOOE.BO 

27 

.OOOE-BO 

•OOOE-BO 

.OOOE-BO 

.000E-80 

•OOOE.BO 

.OBOE-80 

•OOOE-BO 

♦OOOE.BO 

.OOOE.BO 

28 

•000 E -80 

• OOOe-BO 

.000E’80 

•000 E -60 

♦OOOe-BO 

•OOOE-BO 

.OOOe-BO 

•OOOE-BO 

♦OOOe-BO 

29 

• OOOE-BO 

•OOOE-BO 

.OOOE-BO 

.OOOE-BO 

•OOOE.BO 

.OOOE-BO 

.OOOE-BO 

♦OOOE.BO 

.OOOE.BO 

30 

.OOOE-BO 

•OOOE-BO 

.OOOE.BO 

.OOOE-BO 

•OOOE.BO 

.OOOE-BO 

.OOOE.BO 

♦OOOE.BO 

.OOOE.BO 

3l 

, OOOE-Bo 

•OOOE-BO 

.OOOE-flO 

•OOOE-BO 

•OOOE.Bo 

•OOOE-Bo 

.00nE-6o 

•OOOE-BO 

♦ OOOE.Bo 

32 

. OOOE-BO 

♦OOOE.BO 

•OOOE-BO 

•OOOE-BO 

•OOOE.BO 

• OSuE-BO 

•OOOE-BO 

•OOOE.BO 

♦OOOE.BO 

33 

•OOOE-BO 

♦OOOE-BO 

.OOOE-BO 

.oooe-bo 

•OOOE.BO 

.OOoE-bO 

•OOOE-BO 

•OOOE-sO 

.OOOE.BO 

34 

♦OOOE-BO 

♦OOOE-BO 

•OOOE-BO 

• OOOE-BO 

•OOOE.BO 

•OOOE-BO 

.OOOE-BO 

•OOOE.BO 

♦OOOE.BO 

35 

•OOOe-BO 

♦OOOt-80 

•000 E -80 

.000g;-80 

•OoOe-80 

•OOOe-BO 

•ooo e -bo 

•OOOE.BO 

•OOOe-BQ 



APPENDIX D 


LATERAL EQUATIONS AND DATA FOR COVARIANCE ANALYSES 
OF THE LAUNCH PHASE OF MSFC VEHICLE B 


This appendix presents the equations and data used to generate the covariance 
analyses in Section III. The nomenclature, representation, and derivations 
are presented below. A sketch of the vehicle is presented in Figure 1. 


NOMENCLATURE 

A = Matrix [Equation (Dl) and Table D1 ] 

A / [x] = Slender body space derivative [Equation (D18)] 


P 


C l 


r 



Figure D4 


Figure D5 


cm 


- C 


P 


cm mrp 
b 


mrp 


mrp 


Figure D6 


C 



Figure D7 




Figure D8 


Figure D9 


ft 

1 / rad 
1 / rad 

1 / rad 
1 / rad 
1 / rad 

1 / rad 
1 /rad 
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X — X \ 

p - p _i p cm mrp 

% %l 6 

cm mrp M 

1 /rad 

C Figure DIO 

n fl 

'em 

1 /rad 

C 

n 5a 

Figure Dll 

1 /rad 

C 

y /3 

Figure D12 

1 /rad 

D = 

Matrix [Equation (D2) and Table D2] 


G = 

Matrix [Equation (Dl) and Table D1 ] 


H = 

Matrix [Equation (D2) and Table D2] 


I = 

II - I 2 

XX zz xz 

slug 2 ft 4 

J xx 

Table C7 

slug ft 2 

J xz - 

47.5 ■ 1 0 6 (1 -t/ 170) 

slug ft 2 

x yy 

Table C7 

slug ft 2 

J zz 

Table C7 

slug ft^ 

L 

Rolling moment 

ft lb 

L = 
P 

1750 Scale length of rolling turbulence 

ft 

L = 

s 

228.5 (Gust penetration length) 

ft 
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T 

= Rolling moment due to roll command (Table DIO) 

ft/rad 

L 6 

r 

T 

= Rolling moment due to yaw command (Table DIO) 

ft/rad 

M 

Mach No. (Table C7) 


M.R. 

2 

= 7 It W ” It 1 zz ( inertial rate and damping) 

slug ft 2 / sec 

M 'l/3 

= -8. 96 x 10 6 x 57. 3 (M een due to j3 @ q ) 

ooU max 

in. lb /rad 

M 2/3 

= -19. 5 x 10 6 x 57. 3 (M oon due to j3 @ q ) 

880 ^ n max 

in. lb /rad 

M 'l5 

= -1. 62 x 10 6 x 57. 3 (M een due to 5 @q ) 

660 z n max 

in. lb/rad 

M 26 

= -22. 8 x 10 6 x 57. 3 (M, OQn due to 3 @q ) 

1880 z n max 

lb/rad 

N = 

Yawing moment 

ft lb 

N 0 = 

SN 

5/3 

ft lb /rad 

T 

= Yawing moment due to roll command (Table DIO) 

ft/rad 

N 5 

r 

T 

= Yawing moment due to yaw command (Table DIO) 

ft/ rad 

S = 

10,250 (reference area) 

ft 2 

T = 

Thrust (Table Cl) 

lb 

V = 

Speed (Table Cl) 

ft/sec 



w = 
w 


Y 


6 


T 


Y 


6 


r 


T 


a ij 


a ll 


a l 2 


Weight (Table Cl) 

Table 11 (Table C7) 

= Side force due to roll command (Table DIO) 


= Side force due to yaw command (Table DIO) 
Element of A matrix 
Lateral acceleration at pilot' s station 


1 j qSb 2 
“ I j 2V“ 


_ 1 jqSb 2 
" I l 2V 


\l C. + I C 1 + I 1 1 +1 -I \q) 

I zz -Lp xz n I xz | zz xx yy I o | 

[i C. + I C 1+1*1 1 1 -I I - I 2 

zz <t r xz nl zz I yy zz xz 


+ I (M . R . ) 
xz 


a l 3 
a l 7 
a l 8 


_ 1 j qSb ' 

"IV 


1C. + 

l ZZ 


I 


V 1 zz C l^2l 


qSb 






zz C l j3 ii 22 


+ I xz C n/ll]{ 
+ I xz C n/l2]j 


lb 

lb/ sec 
1 / rad 

1 / rad 
ft/sec 2 
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I 


I I I 


1 I qSb 
*1 9 " I j V 


I C, fi 00 +1 C |J. 10 
zz ^ 23 xz 13 


JLiisb 2 r 

a l, 10 " I j 2V 


I c, +1 c 

zz l xz n 


1,14 I zz l T 


T + I 


P J 

N 


xz ' T 



| L 6 | 


l N 6 

1 \ 1 
is = r J zz ' 

r 

T + I 

xz 

r 

1 T 1 

T 


a, = 4^- !l__C, +I„_C 


1,16-1 J*zz^ fla xz „j a 


21 





_ 


U§b_ 

I C +1 c. 

+ 

I 

I -I 1 + 1 2 

| 2V 

xx n xz l 

P P J 


XX 

XX yy j A xz 


ijsbi 

I C + I c « 

+ i 

I -I -I 

l 2V 

xx n xz £ 

L r r, 

xz 

yy xx zz 


q„ + I 

XX 


1 qSb 


23 I ) V 


I C + I C. 

XX n^g XZ -f^g 


27 I V 


1 jqSb 


I C M- - - + I C»P 0 i 
xx n^g 11 xz ^ 21 


1 jqSb 

*28 = r V 


^xx^n^l 2 + ■C ^ l 22 


1 qSb 


29 I V 


1 xx C n^l + *xz K 23 


(M.R. ) 
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a 2, 10 


I 


qSb 


2V 


^xx^n + ' 
P 


2, 14 


N 5 , 

i rxxi'^f 2 '! T + I xz 


+u 


l 2, 15 ~ I 


N 6 

*xx I T r ) T +I xz 


a 2 j 

16 

i 

a 31 

= 

w 

o 

a 32 

= 

-u 

o 

a 33 

= 

g i§_ 

W V 

00 

= 

g(c0 Q ) 

a 35 

= 

g(se Q ) 

a 37 

= 

is 
w V 



g is 

a 38 


w V 



g qs 

CO 

CD 


w v 


5a 


+ I c 

xz 


" y £ 


S 


0 


k 31 


y j8 ^ 

V 32 


- g 


3, 14 W \ T 


XZ^’t 

P 
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+5. 03 


a 99 = 


V 

L 

s 


a 9, 11 
a l 0, 1 0 
a 10, 13 


- 22.8 


-a 


1 0, 13 


+2.3 


V 


r . c. 


a ll, 11 
a ll, 12 



a 12, 11 “ “ C 5 a 

a 12, 12 = ~ c 4 ** 

TT V_ 

a 13, 13 “ 'T'b 

a 14, 14 = ' g 14, 1 

a l5, 15 = " g 15, 2 

a 16, 16 = g 16, 3 

b = 160 (wing span) 
b 


c 


ft 


cm 


Body (subscript) 

Cosine 

Center Pf mass (subscript) 
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c l°v V h 


g 2 V h 


c_a h 
3 v 


Coefficient in random side wind (Figure A 7 and Table A2) 

Coefficient in random side wind (Figure A8 and Table A2) 

Coefficient in random side wind (Figure A9 and Table A2) 


ft/ sec 3 / 2 
1/ft sec 1 / 2 
ft 2 /sec 2 


c^h Coefficient in random side wind (Figure A10 and Table A2) l/sec 

c h/or Coefficient in random side wind (Figure All and Table A2) 1 /ft 

o v 

d. . Element of D matrix 

13 

d 2 1 = g 14, 1 

d 42 = g 15,2 

d 63 = g 16,3 

d 82 = h 7, 1 5 g l 5, 2 

d 84 = h 77§74 

d l 0, 2 = h 9, 15 g 15, 2 

d l 0, 4 = h 97 g 74 

d 12, 1 = h l 1 , 14 g 14, 1 

d 12, 2 = h ll, 1 5 g 15, 2 

d l 2 , 3 = h l 1 , 1 6 g l 6, 3 

d 12, 4 = h ll, 7 g 74 + h ll, 8 g 84 + h ll, 9 g 94 
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d 14, 4 h 13, 7 g 74 + h 13, 8 g 84 + h 13, 9 g 94 

e Earth (subscript) 

f Force vector [Equation (D2) and Table D2] 

f Force vector [Equation (Dl) and Table Dl) 

fj Step response of x 1 [Equation (D13)] 

fg Step response of x ^ [Equation (D14)] 

fg Step response of x^ [Equation (D15)] 

g = 32.17 Gravity 

g. . Element of G matrix 


g 74 = a 7, 11 
g 84 = a 8, 1 1 
g 94 = a 9, 11 



g l 5, 2 = 31 ‘ 6 
^ 16,3 = 10 '° 


ft/sec 3 
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h 


Altitude 


ft 


h. . 
i] 

Element of H matrix 

h l,14 

= 1.0 

h 2, 14 

"£14,1 

h 3 , 15 

= 1.0 

h 4, 15 

" g 15,2 

h 5, 16 

= 1.0 

h 6, 16 

= " g 16, 3 

h 73 = 

q C 

Zi M ' 

VW4. 1 9x1 0 -4 1/3 

<3 

II 

h 73 

h 7, 15 

■ Y s r /T ) M 'l5 

h 83 = 

h 73 a 33 

C» 

II 

h 73 a 34 

h 85 

h 73 a 35 

11 

00 

XI 

h 73 a 37 + h 77 a 77 

II 

CO 

CO 

XJ 

h 73 a 38 
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h 89 = h 73 a 39 


1 8, 11 = h 77 a 7,ll 
1 8, 14 = h 73 a 3, 14 


h 8, 15 " h 73 a 3, 15 + h 7,15 a 15,15 


h 8, 16 " h 73 a 3, 1 6 


93 


qc 


M' 


VW4. 19x10 


-4 2j3 


h 97 h 93 


‘9,15 * | Y 5 /T 1 M 25 


h 

h 

h 

h 

h 

h 

h 


10,3 = 

h 93 a 33 


h a„ . 

10,4 

93 34 

10,5 

h 93 a 35 

10,7 

h 93 a 37 

10,8 = 

h 93 a 38 

h-* 

O 

CD 

II 

h 93 a 39 

L 10, 11 

h 97 a 7 
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h 10, 14 
h 10, 15 
h 10, 16 1 
h ll,l = 
h l 1 , 2 ! 

h l 1, 3 
h U,7 
h l 1 , 8 
h l 1 , 9 
h ll, 10 
h ll, 14 
h ll, 15 
h ll, 16 
h 12, 1 
h l 2 , 2 
h l 2, 3 


h 93 a 3 5 14 

h 93 a 3, 15 + h 9, 15 a 15, 15 
h 93 a 3, 16 

+ x p a 21 ' Vll 

+ x p a 22 " z p a 12 

a 33 + X p a 23 " Z p a l 3 
a 37 +X p a 27 ’ Vi? 

a 38 + X p a 28 " Z p a l 8 

a 39 + x p a 29 " Z p a l 9 
+x p a 2, 10 " Z p a l, 10 


a 3. 

14 + 

x 3*9 

p 2, 

14 

- z a, 

P 1. 

14 

a 3. 

15 + 

X r. a 9 

P 2 > 

15 

- z a, 

P 1. 

15 

a 3, 

16 + 

V 2 , 

16 

- z a, 

P 1. 

16 

'll. 

l a ll 

+ h n 

, 2 a 21 


'll. 

l a 12 

+ h n 

,2 £ 

*22 


l ll. 

l a 13 

+ h n 

,2 £ 

1 23 + h ll, 3 a 33 
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I 


h 12,'4 = h ll J 3 a 34 
h l2,5 = h ll J 3 a 35 

h 12,7 = h ll,l a 17 +h U,2 a 27 +h ll,3 a 37 +h ll,7 a 77 

h 12,8 = h ll,l a 18 + h ll,2 a 28 +h ll,3 a 38 +h ll,8 a 88 + h ll,9 a 98 

h l2, 9 = h ll, l a 19 + h ll, 2 a 29 + h ll, 3 a 39 + h ll, 8 a 89 + h ll, 9 a 99 

h 12,10 = h ll,l a l J 10 +h ll,2 a 2,10 + h ll, 10 a 10,10 

h l2,U = h ll, 7 a 7, 11 + h ll, 8 a 8, 11 + h U, 9 a 9, 11 

h l2,13 s h ll, 10 a 10, 13 

h l2,14 = h ll,l a l,14 + h ll,2 a 2,14 + h ll,3 a 3,14 + h U,14 a 14 J 14 
h 12,15 = h ll,i a i,15 +h ll J 2 a 2,15 + h ll,3 a 3,15 + h ll,15 a l5 J 15 

h 12, 16 = h ll,l a l,l6 + h ll,2 a 2, 16 + h ll,3 a 3, 16 + h l 1 , 1 6 a l 6, 16 

h = -L 

h l3,3 V 
h 13, 7 = “V' fA 31 

h 13, 8 = IT ^32 

h l 3, 9 = "V" ^33 
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h 14, 3 

h 13, 3 a 33 

h 14, 4 

h 13, 3 a 34 

h 14, 5 

h 13, 3 a 35 

h 14, 7 = 

h 13,3 a 37 +h 13, 7 a 77 

h 14, 8 = 

h 13, 3 a 38 + h l 3, 8 a 88 + h 13, 9 a 98 

h 14, 9 

h 13, 3 a 39 + h 13, 8 a 89 + h 13, 9 & 99 

h 14, 11 

= h 13,7 a 7,ll +h 13,8 a 8,ll +h 13 

h 14, 14 

= h 13,3 a 3,14 

h l 4, 15 

= h 13,3 a 3, 15 

h 14 , 16 

= h 13,3 a 3, 16 

h . = 

1 . 0 

15, 4 


h 16, 1 

a 41 

h l 6, 5 

a 45 

h 17,6 

: 1.0 


h 18,3 = a 63 
h l 8, 4 = a 64 
h l 8, 5 = a 65 


9, 11 
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A A ^ A A A 

i = iu^ j = j b > k = k. Unit vectors along aircraft x, y, and z axes 


i e » j e> k e Unit vectors in the flat earth 


t = x, - x 

o cm 


ft 


mrp 

o 


P 

P 

P g 

q 

% 

q 

r 


r 

r. c. = 133. 5 


s 

s 


s 

t 


u 

u = V COS O' 
o o 


Moment reference point (subscript) 

Implies value on reference trajectory (subscript)* 
Body axis roll rate 
Pilot (subscript) 

Rolling wind velocity. An element of the state. 
Body axis pitch rate 

Body axis reference pitch rate (Table C7) (use y ) 

Dynamic pressure (Table C7) 

Body axis yaw rate 

Response vector [Equation (D2) and Table D2] 
Root chord 
Laplace operator 
Side (subscript) 

Sine 

Time from launch 
Velocity along aircraft x axis 


u^, Ug, Ug Control inputs [Equation (Dl) and Table Dl] 


v 


Velocity along aircraft y axis 


rad/sec 

rad/ sec 

rad/sec 

rad/sec 

lb /ft 2 
rad/ sec 


ft 

1/sec 


sec 
ft/ sec 
ft/ sec 


ft/ sec 
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V = V + v 
V 

Side wind velocity 

ft/ sec 

V 

Mean side wind (Figure A5 and Table A2). An 
element ofT 

ft/ sec 


Random side wind. A component of the state x 

ft/ sec 

w = V sin a 
o o 


ft/ sec 

X 

Distance forward of cm measured on x-axis 
(aircraft coordinates) 

ft 

X 

Distance aft of nose measured on x-axis 
(shop coordinates) 

ft 

X 

State vector [Equation (Dl) and Table Dl] 


X 

A side wind state 

1/ft 

Xcm = 155.8 
x mrp 

Center of mass (shop coordinates. Table Cl) 
(shop coordinates) 

ft 

x =x -59.7 
p cm 

(Pilot 1 s position in aircraft coordinates) 

ft 

x 5 = 194.0 

Gimbal position in shop coordinates 

ft 

x l* x 2’ X 3 

Lumped parameters side wind distribution states 

ft/ sec 

X 4 

Lumped parameter rolling gust distribution state 

rad/ sec 

y 

Coordinate axis in aircraft 


y 

State component along y e 


^cm 

In shop coordinates; taken to be zero (Table C7) 

ft 

y e 

Coordinate axis in earth 

ft 

y§. = - 16 - 0 

In aircraft coordinates (i = 1,6, Figure B9) 

ft 

o 

CO 

1 

II 

K> 

In aircraft coordinates (i = 2, 7, 11, Figure B9) 

ft 


1 
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= 0 . 0 


In aircraft coordinates (i = 3,8,12, Figure B9) 


ft 


y «i 

y «i 

*6. 


+ 8 . 0 
+16. 0 


In aircraft coordinates 


In aircraft coordinates 


(i = 4, 9, 13, Figure B9) 
(i = 5, 10, Figure B9) 


l 

z = Center of mass (shop coordinates Table C7) 

cm 

z = 20.0 (shop coordinates) 

mrp 

z = z -32.5 (Pilot* s position in aircraft coordinates) 
p cm 

Zg = + 12.0- z cm In aircraft coordinates (i = 1-5, Figure B9) 


1 





0 

6 . 


= + 4.0 - z cm In aircraft coordinates (i = 6-10, Figure B9) 

= -4.0 - z cm In aircraft coordinates (i = 11-13, Figure B9) 

Perturbation symbol (suppressed after derivations) 

Angle of attack (Tables C7 and Figure B6) 

Side slip angle 

Aileron deflection state component 
Gimbal roll command state component 
Gimbal yaw command state component 
Gimbal deflection about aircraft y-axis 


ft 

ft 

ft 

ft 

ft 

ft 

ft 


rad 

rad 

rad 

rad 

rad 

rad 
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6 

z 

Gimbal deflection about aircraft z-axis 

rad 

"l 

Unity white noise for side wind disturbance 

1/sec 1 ' 2 

^2 

Unity white noise for rolling gust wind disturbance 
(Tij is independent of r^) 

1/sec 1 ' 2 

e 

Pitch angle 

rad 

e 

o 

Body axis reference pitch angle (Table Cl) 

rad 

“1J 

Obtained from the solution of Equations (D19) through (D21) 



Obtained from the solution of Equations (D19) through (D21) 



Obtained from the solution of Equations (D19) through (D21) 



Standard deviation of rolling gust (Table Cl) 

ft/ sec 

c q 

II 

r, Q 

Standard deviation of random side wind 

ft/ sec 

a to 

V V 

Coefficient in random side wind (Figure A6 and Table A2) 

1 /sec 

0 

Roll angle 

rad 

0 

Roll angle state component 

rad 

* 

Yaw angle 

rad 

* 

Yaw angle state component 

rad 
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REPRESENTATIONS 


The generic forms for the perturbation state transition and response are 
given by: 


x = Ax + Gf 

(Dl) 

r = Hx + Df 

(D2) 

They are presented explicitly in Tables D 1 and D2. 
nomenclature provide for generating all data. 

These tables and the 


The coefficients a 7 7 , 37 , 1 !, as, 11 , a 88 a 99 a 911 , g 74 , g 84 , g 94 , and v 

are tabulated in Table A 2 . The remainder of the coefficients of matrices 
A, G, H, and D are presented in Tables D3 through D 6 . 


DERIVATIONS 


Euler Angles 

A pitch ( 0 ), roll ( 0 ), yaw (\p) system relative to a flat earth is used. This 
system is nonsingular at liftoff as would be a heading, elevation, roll sys- 
tem. 


Body axis base vectors (i, j, k) are given relative to flat earth base vectors 
U e » J e > k e ) b y 


I 


* \ 
i 


(c0C l// + S0S0SI//) 

(C0S1//) 

(-S0CI// + cds0s\p) ~ 


i ^ 
e 

A 

j 

> = 

(-C0S1// + S0S0C1//) 

(C0C)//) 

(s0S^/ + C0S0C1//) 

1 

A 

V 

A 

k ^ 


- (s0C0) 

(-S0) 

(C0C 0 ) 

1 

A 

^ k > 


(D3) 


Rotation rates p, q, and r in body axes relative to 0, 0, \fs 
are given by Equations (D4) and (D5). 


and the inverse 


\ 

C0/ 

(c 0 ) (S \f/) 

0 ' 


' 0 ’ 

;■ 

-Sl^ 

(C0) (c \f/) 

0 

< 


J 

. 0 

-s 0 

1 - 




(D4) 
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( • 1 
0 


1 

O 

1 

m 

1 

0 

/ N 

P 

{ 0 

> = 

(S\t//C0) ( Cxf// C0 ) 

0 < 

q ) 



(tan0 ) (s ip) (tan0 ) (c \J/) 

1 

r 

l / 


The perturbation equations for 0* and are 

A0* = Ap - q q Ai// (D6) 

A;// = Ar + q Q A0 (D7) 

which correspond to rows 4 and 5 of Table Dl. 

By use of Equation (D3), the cross- course velocity is 
y = (c0) (si//)u + (c0) (c i//)v - (s0)w 
Its perturbation equation is 

Ay = u q Ai// + Av - w q A0 (D8) 

This corresponds to row 6 of Table Dl. 

In deriving (D6), (D7), and (D8), the variables u and w are not perturbed; 
s0 o = s\f/ Q = 0. 


Winds 


Laterally, the shuttle is forced by side winds v w and by rolling gusts Pg. 

The side wind v w is made up of a mean v w and ramdom v. The model is 
discussed in Appendix A. 

The mean wind v appears as a disturbance function in Tables Dl and D2. 
Numerical values are shown in Figure A5 and column 2 of Table A2. 

The random wind v is generated by the differential equations of rows 7 and 8 
of Table Dl. Coefficients are plotted in Figures A6-A11 and columns 4-9 of 
Table A2. 

There does not appear to be a rolling gust model specifically derived for 
vertically rising vehicles. The rolling gust model specified for horizontal 
flight (pp. 48-53 of ref. 13 will be adapted. This model is 
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Ill 


jl hn 


P VL p V 


1 +ife- s 

1 + TTV S 


Values for the scale length L p and gust intensity a have to be chosen. 
These are taken as ^ p 

L = 1750 feet 
P 


These choices are motivated, reference 13; a is plotted in Figure A2 and 
tabulated in Table A2. 


A state representation for Equation (D9) is given by 

Pg = ' T ET Pg + a P V°- 8 r^ lb (t 1 ?) ^ 


This corresponds to row 13 of Table Dl. 


Distributing the Wind Gust Loads 


The side force due to winds on the vehicle is the integrated sum of the local 
body and fin pressure developed by side gusts (v w ). Analogous statements 
prevail for the yawing and rolling moments due to side gusts and for the 
rolling moment developed by the rolling wind (p^). 

These are all distributed forces for which it is desirable (mandatory in the 
present context) to find a lumped parameter representation. Lumped param- 
eter approximations for the side gusts are discussed first. Then the rolling 
gust approximation is presented. 

The side force and yawing moment coefficients due to side gusts are taken to 
be 


' y sg v 


^31 X 1 + ^32 X 2 + **33 X 3^ 


C n 3g = -V s - t|X H x l + >*12 x 2 + li 13 x 3 3 
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where xj, x,, and x, are system states driven by the wind v w . For con- 
stant winds x 1 = x 2 = x 3 = v w . Rows 7, 8, and 9 of Table Dl show this and 
how the xjS are driven by the wind v w . The H-jjS are constants to be 
determined. 

The step responses of xj, x 2 , and x 3 (called f lf f 2 , and fg) for a sharp- 
edged side gust v w are 

=2^. x 
L 

fjtx] = 1 - e S (D13) 

-2.3 
L X 

f 2 Cx] = 1 - e s 

l2^3 x 

L 

f 3 Cx] = 1 - e s 

L = 22 8.5 
s 

The most gross result of slender body theory (refs. 22 or 23) give the step 
responses for gust penetration as 

x 

= jf-J A' Cx] dx «M6) 

o 

X 

= -|k J Cx-x re f)A / Cx] dx (D17) 

o 

0 < x ^ L 

s 

AC x] = ~ (dC x] 

where dCx] is the "slender body maximum" projected side dimension. 

If the theory was correct. Equations (D16) and (D17) would yield the same 
results as the wind tunnel (Figures DIO and Dll). The slender body depth 
is plotted in Figure Dl (from Figure 1 ), the slender body area in Figure D2. 
The slender body area is assumed to vary linearly between 0< x< 120 and 
190 < x< 22 8.5. It is assumed constant for 120 < x< 190. With 


C y/3 ^ 


C n/ x] 

H ref 


2tt i ice 
cos j — x -1. 165sin 

l s 


. 2tt ) 

in s x | 


(D14) 


2tt , 1 . 2rr 

cos j— x + 1. lb 7 sin j— x, 

( s s J 


(Dl 5) 
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f 


4M Q 

120 


A'Cx] = < 0 


2 900 
38. 5 


for 0 < x < 120 
for 120 < x < 190 
for 190 < x < 228. 5 


(D18) 


both C and C n Figure D3 computed from Equations (D16) and (D17) agree 
j j3 — 

with Figure D10 and D12 for M = 1.5 (maximum q). The amount of finagling 
is not large; the vertical fins are less effective than the theory estimates. 


The M^.jS are to be determined to provide a least- squared fit of C y Cx] and 
Cy fi lx] from the solution P 

P cm 


Bp.. = 

c. . 
ij 

for 

i = 1, 3 



(D19) 


k.p. . 

for 

i = 1, 3 



(D20) 

1J 

i i] 





k. 

i 

1 

S P.. 

for 

i.= 1, 3 



(D21) 


J i] 





• 

L 


L 

L 




s 


s 

s 




J f i 2 

dx 

I f l f 2 dx 

J 

f l f 3 dx 



o 


o 

o 




L 


L 

L 




s 


s 

s 



B = 

f f l f 2 

dx 

I f 2 2 dx 

J* 

f 2 f 3 dx 



o 


o 

o 




L 


L 

L 




s 


s 

s 




^ f l f 3 

dx 

J f 2 f 3 dx 

J* 

f 3 2 dx 



o 


o 

o 
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J f l g i dx 


c ij = 


I f 2 §i dx 


J f 3 gi dx 


*1 


' n /3 


Cx] 


cm 


g 3 


c yp [x:1 


cm 


. 107. 68 (@ 5 ) 

max 


The least-squared fit for the ps is obtained by Equation (D19). These are 
adjusted by Equation (D20) to enforce the correct steady state. The ns provide 
the correct steady- state side force and yawing for all flight conditions. Good 
accuracy should be obtained dynamically in the critical maximum dynamic 
pressure flight range. For the purpose intended, the representation should 
be reasonably good over the whole flight regime. To do better would require 
aerodynamic estimates appropriate to each flight regime, an increase in the 
number of basis functions (f^), and calculation of time-varying h-s; straight- 
forward in principle but not warranted at this time. 

For a constant side gust v w , the rolling moment coefficient is 

c <. = % if (D22) 

For a sharp- edged side gust it is assumed that 
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0 


for 


0 < x < 95. 0 


C. Cx] 

l p 


where 


{<- 


x- 95. 0 ) ) 2 , 

r. c. f ' 


0. 055) 


for 95 < x < 22 8 . 5 


r. c. = 133. 5 


(D23) 


is generated primarily by the wing which starts at x = 95 and extends to 

x = 22 8 . 5. The quadratic variation for 95 < x< 22 8 . 5 is motivated by the 
results of slender-body theory. at M = 1. 5 is -0.055 (Figure D 6 ). 


The M-2 j s are obtained by use of Equations (D19) through (D21) (with a nota- 
tional adjustment) and (D22). 


Treatment of the rolling gusts is analogous to, but simpler than, those for 
the side gusts. 

The rolling gust (p ) drives x^ through the equation shown in row 10 of 
Table Dl. Time ta 90 percent is taken as the time to traverse the wing root 
chord. X 4 " distributes" p g over the wing chord. Steady- state values of x^. 
and p are the same, x^ drives the equations of motion in the same way as 
the geometric roll rate fp). 


Thrust Vectoring 

There are a number of alternatives available in selecting the manner in which 
roll and yaw torques are obtained from gimbaling of the rocket engines. The 
one selected here has merit for this particular vehicle. 

The gimbaling scheme selected: 

• Yields pure roll torques (no yawing moments) about the 
velocity vector due to roll commands 

• Yields pure yaw torques (no roll torques) about the 
velocity vector due to yaw commands 

For roll commands, the sidewise motion of most of the engines is twice the 
vertical motion (to conserve pitch power). 

For yaw commands, the maximum yawing moment used from thrust vectoring 
is less than that available, in order to obtain yawing moments without rolling 
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moments. This is not a loss. The resulting |Ng r /N^| » 1 (yawing moment 
due yaw vectoring divided yawing moment due tosideslip is much greater than 
one, as it must be). This open-loop compensation should give better control 
than can be attained with closed-loop control alone. Most importantly, it will 
permit a comparison between the results to be attained from these equations 
and those obtained from those of Appendix B. 

There may be concern that the scheme selected will generate large payload 
losses. This is not the case. For maximum propulsive efficiency, the thrust 
vector should be aligned along the velocity vector. If it is not, there is a 
thrust loss (TL) 

.2 

(TL) = T(l-cos 6) - T vp 
The fuel for control (FC) 

170 2 

(FC) = J* ^-dt 
o sp 


where 


I S p is the specific impulse (taken equal to 450 lb thrust/fuel/ sec). The 
analog results of Section III show that the gimbal angles approaching 0. 1 radian 
are obtained over less than 20 seconds of flight. That is, 


(6 • 1 Q 6 ) ( 0 . 1) 2 20 _ 

(FC) * 2(450) 


1330 lb 


This is booster fuel. Using the 1/6 rule of thumb, this implies a loss in pay- 
load of less than 22 5 lb for control. 


Derivation of the equations is now presented. Forces and moments for a 
single engine are determined first. Coupling of the engines is then presented. 

An engine with thrust T^ is mounted at (x, y, z) in aircraft coordinates. The 
nominal thrust is in the positive x direction (directed along the unit vector, 
i^). Engine gimbals are provided along the y and z axes; positive rotations 
about the gimbal axes are 6y and 5 Z (radians). The ordering of gimbal 
rotations is 6y and 6 Z . y 
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Unit vectors , j-., and k-j are aligned along the body axes, x, y, and z. Uni 

! ■ ■ _ 1 I . ■ 1 1 * . l IJ 11 i . i r* , ,1 


vectors ig, jg 
rotation 6 y . 
rocket nozzle 


32, and k2 are oriented with respect to the rocket nozzle after the 
Unit vectors ig, jg, and kg are oriented with respect to the 
Le after rotations and § z . 


' *3 


(c6 y ) (c6 z ) s6 z (-s6 y ) (cfi z ) 


fi i ' 

r 3 

> = 

(c6y) (-s6 z ) c6 z (s6 y ) (s6 z ) 

< 

h 

lk 3 J 


sS 0 eg 

L y y J 


< k i j 


Hence, the force F along the body axes is 

F = T. C(c6 ) (c6 z ) ij + (s6 z ) jj - (s6 y ) (cfl z > kj] 


The moment is 


M 

T i 


(c§ ) (eg ) (sg ) 
y z z 


■(s6 y ) (cfi z ) 


= ij [-y(s5 ) (c6 z ) - z(s 6 z )3 + jj Cz(c6 y ) (c§ z ) + x(s6 y ) (c6 z )l 
+ kj Cx(s5 z ) - y(c5 y ) (c6 z )l 

The perturbation and moment equations are (for s<5„ = 0; c5_ = 1) 

Z — v 


AF 2- T.i, 

l 1 


-sfi v (AS ) 


+ T Vl [A « Z ] 


+ T i k l 


- (c5 ) (A6y ) 

•/ o ^ o 


Thrust 


Side force 


Heave 


AM ^ T.ij 


-y(c5 v ) ( A6 L) ~ z(Afi ) 
yo y z 


+ T.j , 
1 J 1 

+ T.k. 

l 1 


-z(s5 v ) (AS ) + x(c6 v ) (AS ) 
■z o y y o y 


x(A6 z ) + y(s6 yo ) (A6 y ) 


Rolling moment 
Pitching moment 
Yawing moment 
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These are approximated to 


AY = T.A6 Z 

Side force 

(D24) 

AL = T. C-y(A5 ) - z(A6 )] 
i y z 

Rolling moment 

(D25) 

AN = T. [x(A6 )] 
1 z 

Yawing moment 

(D2 6) 


The gimbals are to be driven to obtain: 

• Yawing moment without rolling moment about the velocity 
vector due to yaw control 

• Rolling moment without yawing moment about the velocity 
vector due to roll control 

• The maximum yawing moment per gimbal deflection due to 
yaw commands 

• The maximum rolling moment per gimbal deflection due to 
roll commands 


The first two of 

the above are obtained by enforcing 


L* = 
6 r 

-(tan a) N, 
°r 

(D27) 

n 6 = 

(tan a) 

(D2 8) 

P 

°P 



where 5 r and §p are the yaw and roll commands. 

Obtaining the latter two objectives is illustrated by example. 

Figure 1 shows the vehicle; Figure B3 the engine numbering system. The 
x-axis is taken midway between the bottom two rows of engines. The engines 
are taken as being 8 feet on centers. Table C7 presents the positions of the 
center of mass in "manufacturing shop" coordinates. At 10 sec x c - 93. 46 ft, 
= 0 (by assumption), and z c = 8. 08 feet. The x gimbal positions are 
alTtaken as 194 feet. For the 10- sec flight condition the gimbal positions in 
flight coordinates are presented in Table D7. Engine numbers are identified 
in Figure B3. Figure B7 and Table C7 show the angle of attack is -0. 6 degree 
so that tan a = -0.0105. 


189 



Roll commands are considered first. From Equations (D2 5) and (D2 6) the 
perturbation rolling and yawing moments for roll commands are 


V 1 

3 6 y , 3 6 z 

L T i 

' y i S 5 “ z i d6 

i=l 1 

P P 

13 

v 

95 z- 

Z 1 

L T i x 

i 96 

i = l 

P 


It is assumed 

T. = T. for all i and i 
11 J 

for i = 1, 2, 6, 7, 11 
for i = 3, 8, 12 
for i = 4, 5, 9, 10, 13 


3 6, 


3 6 , 


= 


0 


1 

< 2 


(D29) 


(D30) 


(D31 ) 


(D32 ) 



£ 1 


Hence, 




have to be determined to minimize Lg subject to 
= -0. 0105 Lg 

P 


(D33) 


(D34) 


Some fussing yields the solution of Table D9. 


Yaw commands are derived similarly, 
13 

l 6 -L T i<-Vao- 

r i=l 1 


z ± 


(D35) 
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(D36) 


13 


3 6 


N- = y T.x. 

c - h ' * 


it 


z. 

1 


where it is now assumed 

T. = Tj for all i and j 

36 


z. 


3 6_ 


s 1 


36 


z. 


Hence, ^~g~ have to be determined to minimize Ng subject to 


L g = +0. 0105 N g 
°r °r 

A little more fussing yields the solution of Table D9. 

Lg /T, Ng /T, Lg /T, and Ng / T 
p p r r 


(D37) 


(D38) 


(D39) 


from Tables D8 and D9 were interpolated and are presented at 5-second 
intervals in Table D 10. These quantities are used in coefficients a^ ^ 

a l, 15' a 2, 14' and a 2, 15' 


Side forces are also required. Equation (D24) shows they result from gimbal 
deflections 6^. For yaw control 






36 

2 

"3T 


z. 

_1_ 


36 


17 I-aT 1 for t<117 


1 

\ 10 


d6 

I'-s? 


Z. 

JL 

r 


-f i 


36 


for 117 < t < 148 


z. 


36 


for 148 < t < 170 


(D40) 


(D41) 
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At 10 seconds. Table D9 yields 


-y 1 - ■ -jy (10+3’ 0. 294) = 0. 834 (D42) 

Y5 p 

"T is obtained in a similar manner from Table D8. Yg r /T and Yg /T are 
tabulated for use in Table DIO. The latter is so small it will be neglected 
in the analyses; it is presented here for completeness. 

Table DIO contains all the data needed for perturbation control synthesis. 
For flight purposes, the open-loop gains of Tables D8 and D9 would have to 
be implemented. 

Body Dynamics 

The equations of motion are 

p = 7- {I [L-(I -I )qr + 1 pq] + I [N - (I -I )pq - 1 qr]} 

^ I zz zz yy xz ^ xz yy xx ^ xz 4 

(D43) 

r = [N-(I -I )pq - 1 qrJ+I [L- (I -I )qr+I pq]} 

I xx yy xx ^ xz n xz zz yy M xz^ M 

(D44> 

v = Y + g(s6)(si//) + g(c0) (cj//) - ur + wp (D45) 

The gravity contribution in Equation (D45) is obtained from Equation (D3). 
The corresponding perturbation equations of motion are: 

A ’ P = f {l zz UL+(I yy“ I zz )q o Ar + I xz% A P ] 

+ I xz [AN+(I xx -I yy )q o Ap- I xz q o Ar]} (D46) 

Ar = y-& [AN+(I -I Jq Ap-I q Ar] 
i ^xx xx yy o ^ xz ^o 

+ 1 [AL + (I -I )q Ar + I q Ap]} (D47) 

xz yy zz xz M o ^ ' ' 

Av = AY + g(s0 Q ) Al// + g(c0 Q ) A.0 - u q Ar + w q Ap (D48) 
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The perturbation rolling moment AL is taken as made up from two contri- 
butions from aerodynamics and thrust vectoring forces: 


where 


AL 


AL, 


ALr 


= AL X + AL 2 

(D49) 

=^Sb ^ 

C t Ap+^C t Ar+C t A/3 + C, Sa + 
p r p ^ 6a 

— c x 
2V x 4 

P 

C, 

+ A 

V 

^21 x l + ^22 x 2 + ^23 X 3N 

(D50) 

l L 6 

) 

1 / L ai 


- T Iv 

’l A6 p +T lT r | i5 I- 

(D51) 


The first four terms of Equation (D50) are the usual aerodynamic force 
terms; the last four are associated with gust penetration which was discus- 
sed previously under Distributing the Wind Loads. 

The thrust vectoring terms appear in Equation (D51). Their derivation was 
discussed under Thrust Vectoring. 

Equations (D36), (D49), and (D51) correspond to row 1 of Table D1 . 


The perturbation rolling moment AN is made up of three contributions: 


AN = ANj + AN 2 + AN 3 


(D52) 


where 


AN, = qSb<^C Ap+ j^C^Ar+C^Afl + C^Sa+^C^ 


C n ] 

+ ^ [p nXl + P 22 X 2 + PjgXg]) 


AN 0 = 


N, 


Tl -T*J A 6 p +T lT i J A6 r 


N, 


(D53) 


(D54) 


an 3 = 


(jL+ 15) " — W - Jr I \ Ar = (M. R. )Ar 


32. 17 dt dt zz 


(D55) 
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Equations (D53) and (D54) are in direct correspondence with (D50) and (D51). 
Equation (D55) is the mass rate damping term (from Equation 7. 8-2 of 
ref. D5). 

Equations (D47), (D52), (D53), (D54), and (D55) correspond to row 2 of 
Table Dl. 


The perturbation side force AY is taken as made up of two contributions: 
AY = AY X + AY 2 (D 


AY 1 qS(Cy^Al3 + C y ^5a + ^3 1 X 1 + H 32 x 2 + ^33 x 3 'Y (D57) 


AY 2 = T 


A6 + T 
P 


T 


(D58) 


Equations (D48), (D56), (D57), and (D58) correspond to row 3 of Table Dl. 


Actuator Dynamics 

Appendix B uses second-order actuator dynamics for both the gimbals: 


6 = -2(0. 396) (31. 6)6 - (31. 6) 2 6 (D59) 

and for the aileron 

6 = -2(0. 5)(10)6 - (10) 2 6 (D60) 

a a a 

First-order approximations to each of these are used here 

6 r = -31. 6 6 r + 31. 6 (D61) 

6 p = -31. 60 + 31.6 u 2 (D62) 

0 o = -10. 06 + 10. 0 u„ (D63) 

a a o 


These correspond to rows 14 through 16 of Table Dl. 
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Bending Moments 

The bending moments at stations 660 and 1800 are given by (page 15 of ref. 25) 
as 


^660 ^1 ~ + ^^0 (D64) 

M 1800 = M 2 = M 26^ + M 20^ (D65) 


where the numerical values for the maximum dynamic pressure condition are 
listed in Appendix B. The same assumption used in Appendix B is used 
to estimate Mps for all flight conditions. The assumption on the Mgs used 
here is comparable to that in Appendix B; it differs slightly due to the dif- 
ferences in thrust vectoring. 


For the M^s Appendix B assumes 


4l C [t] 


Mp'Lt] 


W y. 


0 


C y 3 Ct=64] 




= . 2 - 

w 


7. 86 x 10 


2. 63 x 10 


6 


M ' 

|3 


= _ JL 

w 


Is. 


4. 19 x 10 


— 


(D66) 


It is the gimbaling about the z-axis gimbals that yields the side-bending mo- 
ments. For the gimbaling selected here the rockets are not all fully slewed 
in yaw. They are deficient by the amount Yg r (column 6 of Table D10). Hence, 
consistency with Appendix B requires 



For gust penetration the winds are assumed filtered by x^. Thus, 
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(D67) 


qc. 


M i = 


V T I 


M', 6 

10 r 


18 . 


VW4. 19 x 10" 


13 M ^ (v+X l ) 


Similarly for Mg. These equations correspond to rows 7 and 9 of Table D 2. 


The term q/3 is used as an indicator of aerodynamic loading. It is most 
commonly employed in preliminary design where gust penetration is neg- 
lected. Since gust penetration is included here, an equivalent q/3 is defined 
to be 




= f + 


^31 x l + 


h 32 x 2 + 


^ 33 X 3 ^ 


(D68) 


This is row 13 of Table D 2. 


Pilot’s Lateral Acceleration 


The lateral acceleration felt by the pilot is [from Equation (D4 5)] approxi- 
mately 


a = v+ ur - wp - g(s0) (sif/) - g(c 9) (sty) + x r - z p 

y p p 

O' _ r 

= ^Y + xr-zp 
w P P 

Its perturbation [using Equations (D56) through (D58)] is 

c 


Aa v ~ w S ^ v+ ^31 X 1 + |j '32 x 2 + H 33 X 3^ + C y 5a f 


W 


4r T -sP A6_ + 4 T 


p W 


A5 + x Ar - z Ap 
r p p p 


(D69) 


(D70) 


When rows 2 and 1 of Table D 1 are used to obtain Ar and Ap, the result is 
that listed in Table D2. 
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Table D2 


Response Equations 




p 

r 

V 

0 

X 

y 

X 1 

x 2 

X 3 

X 4 

V 

X 

p g 

6 

P 

5 r 

5 a 


U 1 . 

u 2 

U 3 

V 

V 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

h l. 14 

0 

0 




0 

0 

0 

0 

6 

P 


0 

.0 

0 

0 

0 

o - 

0 

0 

0 

0 

◦ 

0 

0 

h 2, 14 
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0 


p 


d 21 “ 

0 

0 

0 

6 r 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

h 3, 15 

0 


r 


0 

0 

0 

0 

K 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

h 4, 15 

0 


V 


0 

d 42 

0 

0 

6 

a 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

h 5, 16 


0 


0 

0 

0 

0 

K 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

h 6, 16 


X 


0 

0 

d 63 

0 



0 

0 

h 73 

0 

0 

0 

h 77 

0 

0 

0 

0 

0 

0 

0 

h 7. 15 

0 


y 


0 

0 

0 

0 

«i 


0 

0 

h 83 

h 84 

h 85 

0 

h 87 

h 88 

h 89 

0 

h 8, 11 

0 

0 

h 8, 14 

h 8, 15 

h 8, 16 


x i 


0 

d 82 

0 

d 84 

M 2 

= 

0 

j 

0 

h 93 

0 

0 

0 

h 97 

0 

0 

0 

0 

0 

0 

0 

h 9, 15 

0 


x 2 

+ 

0 

0 

0 

0 

M z 


0 

0 

h 10, 3 

^ 10, 4 

h l0, 5 

0 

^ 10, 7 

h 10, 8 

h 10, 9 

0 

h l0. 11 

0 

0 

h 10, 14 

h 10, 15 

h 10, 16 


x 3 | 


0 

d 10, 2 

0 

d 10, 4 

' a y 


h ll, 1 

h ll, 2 

h U, 3 

0 

0 

0 

h ll,7 

h ll, 8 

h ll, 9 

h ll, 10 

0 

0 

0 

h U, 14 

h ll, 15 

h ll, 16 


X 4 


0 

0 

0 

0 

a y 

| 

h 12, 1 

h 12, 2 

h 12, 3 

^ 12, 4 

h 12, 5 

0 

h 12, 7 

h 12, 8 

h 12, 9 

h 12, 10 

h 12, 11 

0 

h 12, 13 

h 12, 14 

h 12, 15 

h 12, 16 


V 


d 12, 1 

d 12, 2 

d l2, 3 

d 12, 4 

1 qfl 

1 

0 

0 

h 13.3 

0 

0 

0 

h 13, 7 

h i3, a 

h 13, 9 

0 

0 

0 

0 

0 

0 

o 1 

j 

X 


0 

0 

0 

0 

; * 

! o 

1 

0 

h ]4, 3 

h 14, 4 

h 14. 5 

0 

h 14, 7 

h 14, 8 

h 14, 9 

0 

h 1 4 , 11 

0 

0 

h 14, 14 

h 14, 15 

h 14, 16 



! 

0 

0 

0 

d 14 , 4 : 

i 

0 

!• 

0 

0 

h 15 < 4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

° j 

6 P 

0 

i 

0 

0 

0 | 

0 ! 

: h l6, i 

0 

0 

0 

h 16, 5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 j 

r 

i 

0 

0 

0 i 
1 

y 

i 0 

0 

0 

0 

0 

h 17, 6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

i 

6 

a 1 

1 0 

1 

0 

0 

1 

0 

y 

0 

0 

h 18, 3 

h 18,4 

h 18, 5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

! 

L° 

0 

0 

0 1 
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Table D3. Numerical A Matrix 


•• 10942510E.03 
-.847971992.01 
-,1t 467967C 00 
-,26357672c 00 
-,3*642416 e 00 
•«42706874E 00 
..<8883976E 00 
.,5433*98*E 00 
..5898S227E 00 
-,62068003 E 00 
- , 6 i 3p4345E 0Q 
.,5734 9 562E 06 
••30309859E 00 
..41562944E 00 

-.32402157E 00 

..25068073E 00 
», 1 6985170c 00 
l4o76698E 00 
.. 10396201 E 00 

-•76°°4*63E-0I 

-.53880166E-01 

- , 3 9 3l 53ft3f .0 1 

-,29271441c- 01 
-,21 198606C-01 
•’14936144E.01 
.,10221221E.01 
-.77182732E-02 
..60342691E.02 
-,48050249 E -02 
-O^OMIOE-OC 
..26120359E.02 
— , 195799192-02 
-.19042244C.02 
-,ll77l941 t -02 
-. 9 0 437 39|C-o3 


a l2 

••231 03390E-0 1 
..1320262TE 00 
..292e3680E 00 
..29307379E 00 
-,50625468c 00 
-.646S9902E 00 
-•58805960E On 
-.60148619E 00 
-.65906769C 00 
-,70244405 e 00 
• »7 J604642C qo 
., 66593643c 00 
>,564604612 00 
-, 43491984C 00 
-,338370e2E 00 
-,27348222c 00 
-,21712020c 00 
-•17237086E 00 
..13486889C 00 
-,111267292 00 
-,89458464c. 01 
-,7l92003l E .0l 
-.55534495E-01 
-,40699454c. 01 
-,247445012-01 
..16022124C.01 
— ,12659222C— 01 
-.10278249E-01 
- , 751 94463 E .02 
-,4997 0 559 E-o? 
..28322929E.02 
-.15323592E-02 
-, 961479461-93 

-.84241776c**! 

«. 1 1o33I9o2-82 


a 13 

•0000U000E-89 
..60147640C-03 
-, 1 1 789493C-02 
-,166074477.02 
-,21540495c-02 
-,241 551)992-02 
. , 25440727 c. 0? 

-,2525l6l7E-02 
-.27177593C-02 
— ,331 33073^—0? 
-,56o636i5C-o2 
..59842818E. 02 
-,»i97l3q0E*02 
.,43580164c. 02 
-.37740315C-02 
., 93438407C-02 
- ,27694 1 13c-02 
-.216093B3E-02 
..16797116E. 02 
-.13229625E-02 
. ,99557663c. 03 
-,7394b752c-03 
.,529922147-03 
-.36324813C-03 
-•2428U646E-03 
-, 1601Z421C- 03 
-,10443 9 28E-03 
-.66920229C-04 
-,4503a493 E -04 
-.32868993C-04 
..23460767C.04 
-,U9 3l, 464r-04 
-,122512347-04 
..9*129395 t -05 
-,67lo4949C. 0 5 


a 17 

•00080000E-80 
-.1 1422768 E *0 1 
-, 17422992c— 01 
-.22870958C-01 
-,25261668C>01 
-•2366001TE-01 
-.12788472E-01 
, 12023875c* 01 
. 46010607C-01 
,49242667 e «01 
-.47481886E-01 
., 5851 1 386C-01 
-•468064612-01 
-.35654633E-01 
-.26300027E-01 
-, 18499904C-01 
-, 123441 39C-0 1 
-.79593189E-02 
-,51905344c. 02 
3355806*2-02 
-.24495412C-02 
-.17132532E-02 
-.12179963C-02 
.,983334 1 l E -03 
-.70937814E-03 
-.50721867E-03 
-.37046496E-03 
-.2621 1499E-03 
-,230l9704 E -03 
-•17332533E-03 
-, 14376917E-03 
-.110892562-03 
-.71793184C-04 
-,45702614 E -04 

•• 14|l9l|l(*|4 


a l8 

.000000002-80 

.67398367E.02 

.101120082.01 

.132037882.01 

,l«385855c.0l 

•13227087E.01 

.633207662.02 

-,9°4757l72.02 

-.303174622.01 

-,32697905 E -0l 

.260 z 3372E-01 

,327040402.01 

•259076742.01 

.194873S2E.01 

.140281002-01 

.944054882.02 

.59656978C-02 

•36140343E-02 

.218920002.02 

,126855302.02 

.907408102.03 

.610387052.03 

.429574162.03 

,386831862.03 

.290985052.03 

.216417972.03 

.165623112.03 

.121641602.03 

,115344122*03 

,8673B25;E.q4 

.749308202.04 

.50516**32.04 

.370856992.04 

.228562342.04 

.493906072.09 


a l9 

.000000002-80 
,408949532-02 
,613203662-02 
.000642492-02 
,87217632 E .02 
,*01742072-02 
.383232272-02 
-,550146472-02 
-,16410909 E .01 
-,19658070 E -01 
.137701922-01 
,196230692-01 
.157016462-01 
,116066652.01 
.649789492-02 
,971951492-02 
.36090297E-02 
.218434622-02 
,132162272-02 
,76437*582-03 
,546996462-03 
. 367378992**3 
,298900022-13 
,2332941 1 E . 03 
.179986632-03 
,138676482-03 
,100282962-03 
,73949l692-*4 
,698l4424 E .84 
,537188872-84 
,493775042.04 
. 3944349 ) 2-*4 
,22496l74C.t4 
,13833844 E .84 
,2724 a 7TtC.«9 
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Table D3. Numerical A Matrix (Continued) 


a l, 10 

a l, 14 


a i, 15 

a l, 16 

a 21 

a 22 

.ooonnoooE.*o 

-. 196839ME 

01 

-.25265932E 01 

•onooooooc.eo 

.75973300E-03 

..14729223E-01 

. ,84765 201E. 01 

..19626653E 

01 

.,2499*>596E 01 

- . 576930 1 9E»02 

. . 1 1 1 on 3 19E.0 1 

..B2781440E. 01 

-,l7*647l6E 00 

-. 1961967 Z E 

01 

• ,25052905? 01 

-,2430 9 152E.01 

. . 22908 1 1 3E.01 

. ,154435076 00 

..26271923E 00 

-.19653690E 

01 

.,277175l*E 01 

..55871643E-01 

..288826986.01 

•,16411121c 00 

-,34659130e 00 

.,1 9697455E 

01 

.,3l92°086E 01 

-,1U044592E 00 

-,33904297c. 01 

.,29647991c 00 

-.4 2 5l5683E 00 

-.198J 7460E 

01 

.,33253q47E 01 

-. 1 5726558E 00 

» . 444282016.01 

.,364525076 00 

,,4e701363E 00 

. ,20005 88 1 E 

01 

. , 29345956E 01 

..22560590c 00 

..49467760C. 01 

.,400064496 00 

-.54166655E 00 

..20253456E 

01 

• . 2 1 396348E 01 

..30271526E 00 

..55233706E.01 

..4360764SE 00 

.,5g325414E 00 

..20476389E 

01 

..2034S206E 01 

..38394333E 00 

.,59753869c. 01 

..469916216 00 

-.6l9 n 7043E 00 

.,2070087*6 

01 

..21659771c 01 

..44814062c 00 

..63100432c. 01 

..48889659c 00 

..6U46692E 00 

. , 209224 1 5E 

01 

..22T95988E 01 

..48623266C 00 

., 612496466.01 

•.466437666 00 

.,57195325c 00 

.,21»50633e 

01 

.,2248?222e 01 

.,48668913c 00 

. .35378750E. 01 

..46419688C 00 

-.5015567BE 00 

••21416439E 

01 

.,160442766 01 

-•46U1225E 00 

•.431925366.01 

..427029966 00 

..41420378C 00 

..21635550E 

01 

..14677959E 01 

..36466090E 00 

..326613696.01 

.,379362996 00 

-.32267«03E 00 

- . 2 1 8 1 82gOE 

01 

-.137572736 01 

-.296906936 00 

•.212476326.01 

•.327856106 00 

..24943691E 00 

..21982849E 

01 

..12577333E 01 

..25068473E 00 

.,135882416.01 

.,273990266 00 

1 0871 002 C 00 

-,22130367e 

01 

..15036421c 01 

..21139672c 00 

9.87882600c. 02 

-,21655412c 00 

..13972935E 00 

,,222b533iE 

01 

-.12917047F 01 

..18311225c 00 

.,554458102.02 

« ,17119926c 00 

...10279651E 00 

..22417679E 

01 

..13213841C 01 

..16138103c 00 

9.343364342.02 

.,132565726 00 

-•75162239^*01 

..22512500E 

01 

• . 1 39368 14E 01 

• • 139906632 00 

..138936296.02 

-.103922526 00 

..53125124E.01 

..22677807E 

01 

..15715193E 01 

..11976772C 00 

.161261166.02 

.,607126046.01 

. . 3g6 3q 6 1 0E -0 1 

..22879168E 

01 

..16793998E 01 

., 10127779E 00 

.269244506.02 

.,626521026.01 

-.?86b859^E.01 

..23172269E 

01 

..183T7491E 01 

..83267372c. 01 

.113387936.02 

.,462363496—01 

-,20626093e-0'1 

-,230384 9 5e 

01 

.,20231502c 0) 

«, 63010917c. 01 

.174627736*02 

.,371053132-01 

-.13905*026.01 

-.21 0572 1 7E 

01 

-. 1231 393 IE 01 

-.84533641C.01 

.2342H936.02 

..273641726-01 

..96356718E.02 

,,2033328lE 

01 

..12167244E 01 

..43051374C.01 

.233195516.02 

.,199916316.01 

-•72907240E.02 

-.1961660BE 

01 

-• I2O253Z9E 0l 

-•33963933E.01 

•264759612.02 

..143273246-01 

..37197917E.02 

..18996742E 

01 

..11878371C 01 

..26987311c. 01 

.263323436.02 

..10Q19202C-01 

..45290603^.02 

.,184«0206e 

01 

., 11452599C 01 

-.2l439l03c-01 

. 2*9746986.02 

..62609594 E .02 

..33930459E.02 

., 17951203E 

01 

.,11423333c 01 

..17434724C.01 

.234691486.02 

.,313414766*02 

.,24094743^.02 

..16687406E 

01 

.,93841336c 0(1 

-.14123172C-01 

.22659024C-02 

.,146363426.03 

-• 18007 1 8 9E - 02 

..163*796iE 

01 

..979363287 09 

-« 112371 02E. 01 

.217411236.02 

.276633706-02 

..13932889E.02 

..16057608E 

01 

. .99293832C 00 

.,90472l73C. 02 

.199430606.02 

,341677646.02 

..11 1963882-02 

-.15772250E 

01 

-.IOO27OI6C 01 

-•70828017E-02 

.1776107(56.02 

.613627316-02 

.. 90427 390E. 03 

..15643826E 

01 

., 10158330c 0) 

..56936807C. 02 

.164857816.02 

.114743336.01 
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Table D3. Numerical A Matrix (Continued) 


a 23 

a 27 

a 28 

a 29 

a 2, 10 

a 2, 14 


.onononooE-fto 

.OOOOOOOOE-8O 

,0000 00008-84 

• OOOOOOOOE-80 

.00000001)8.80 

254230818 

00 

..41997006E.05 

..67114124E.02 

,4l74i'2568-02 

, 25331871 E-02 

..11324986E. 01 

.,251499998 

00 

-.388505378.04 

- • 1°2 1013°8-0 1 

.632986988-02 

.38414 187E-02 

s. 232190798-01 

-.249163538 

00 

-.59B58085E-04 

-.136236668-01 

,8441 1494E-0? 

, 5 1 2266 1 0E-0? 

..350405678.01 

.,246798238 

00 

-.1' 1 283322E.°3 

- , 1 50 726 39 E -0 1 

.9316^3628-02 

.56535697E-02 

3 .47258l668.i)l 

..242043928 

00 

.. U371238E-03 

-.140155468-01 

,863305478-02 

.52387785E-02 

3.585346528.01 

.,239021728 

00 

-.24666648E- 03 

-,6l464034j-02 

.3672*4798-02 

.22275690E-02 

«.63133931c-91 

-,24012402c 

00 

-,45963645c. 03 

.12^230168-01 

809813798-02 

-.49 0 45i42E-02 

3.680047018-31 

-.2*2800168 

00 

-, 806 1 2 1 43E.03 

.39964200E.01 

., 253699888. 01 

..15400334E-01 

..72053872E.01 

.,2421059lE 

00 

-.9349 j 892 E -°3 

.448128768-01 

-.28467253E-01 

-, 172805928-01 

9.756739018-01 

.,23999825 c 

00 

-.28443013E-03 

-.314495458-01 

.193953298-01 

.117697878-01 

3.737395268-01 

-.23739161C 

00 

- , 1 9 1 Oj445e«03 

-.416O38l4 E .0l 

,25772354 E -01 

.1564o375e-01 

-.677825578-01 

..2355253A C 00 

..18U89770E.03 

-.337971918-01 

,209204718-01 

,126958228-01 

b. 573642628.01 

-.23801997C 

00 

-.16898221E- 03 

-.2601 54 1 4e,0 1 

,160851218-01 

.976131148-02 

O.4446B2508-01 

-,23742243c 

00 

- • 1 8102876^-03 

-.1B92T064E-01 

.116664528-01 

.707958328*02 

0.325283638-91 

-.Z3476486E 

00 

..2°«48460E.03 

-,125450eOE-01 

,768049628-02 

.466029888-02 

..24229705E.01 

-,23160994c 

00 

-• 19679148E- 03 

-.76444104 E - 02 

,46352 9 24 e -02 

,28l23265 E -02 

..18714O58E.01 

•,22775*1 *c 

00 

-• 1 684 8635E-03 

-.434819258-02 

,2 6 01»403e.02 

.157816588-02 

-.147148418.01 

-, 22318431C 

00 

-,l 3 948l63E- 03 

-,23528722e-02 

,137766898-02 

,83552162e-03 

..11580994E-01 

-,21784771c 

00 

■ • 1 1 7] 2l 38E-O3 

-.102666368-02 

,566327478-03 

.343214728-03 

0.928526718.02 

-.20972754 E 

00 

..86327407E.Oi 

-.701011568.03 

.38273238E-03 

,231931778-03 

.,520193038.02 

..20189908E 

00 

.,63l7;l99E-04 

•.4O297O95E-O3 

, 2 1 1 6Z405F -03 

,128l7l2°8-03 

-.369177038-92 

-.193438728 

00 

..44131147E.04 

..27567116E.03 

,144205768-03 

.873342518-04 

..464162768-02 

.,184924758 

00 

•• 25B49234f .04 

-,43252157e-03 

,2531«625 E -03 

.15352609E-03 

0 . 34669721e-02 

-,l7l3eU5c 

00 

-.149519568.04 

-.397440658-03 

,238068108-03 

.144420598-03 

-.217811378.02 

155776908 

00 

7942366°E-°5 

3566236lE-°3 

.21701097E-03 

.131670288-03 

,,1532 8 340E.02 

.,13029*108 

00 

••3299J622E-05 

-.336626328-03 

.207443768-03 

.125*»330E-03 

•.124123992-02 

••12Q7®5 9 lf 

00 

..65388571E.06 

..29744263E.03 

, 18469742c. 03 

, 1 1208962E-03 

.,104974538.02 

.,10252*978 

00 

• z 1 582 1 22E-05 

-.3705977 1 E-°3 

.23196687E-03 

.140789058-03 

O.88645956E-03 

-,03579935c 

,01 

.Z7528356E-05 

-.339041368-03 

.21269731E-03 

.12909688E-03 

-.719160358.03 

-,64254322c 

.01 

,3p67l050f -05 

-,36545943 E -03 

,22982828e-03 

■ 13949826 E -03 

..52219258E-03 

-,40631027c 

-01 

, 454935488-0 3 

-,378145588-q3 

.23814590E-0 3 

,144549o4E-o3 

« , 386t>g 1 6 1 E.q3 

•»2q3839?6c 

• ol 

.434T7798E.°5 

-,33867745c. 03 

.21345928E.03 

.12956596E.03 

.,325103108.03 

.26011626C 

•02 

•5Z082566E-05 

-. 38350299E-03 

.24188824E-03 

.146823008-03 

-.277906048-03 

.305978718 

■01 

.539481418-05 

-.38549185E-03 

,243241568-03 

.147645108-03 

..236439498.03 

,64277311c 

-01 
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a 2, 15 

15233*702 
-,l54«629®e 
-,l5887353E 
., 17314466E 
-.I9OI5786E 
-. l995 9 58ZE 

-tlfl631020 E 

-.15549365E 

.,»5336096E 

-,159546021 

U767950E 

..I7O35732E 

.,15703547c 

l4l46?21 E 
-« 1 38069 1 5E 
., 13170035c 

•.138440O°E 
-,138l2l48E 
-,14037517c 
., 1 48-75 1 02E 
..1559O079E 
-.l6Z q 0037E 
..17158548E 
.,l 8 07 9 024e 
..13644883E 
-,13482l62 E 
•• 13370298E 
..13303479E 
-.1253J278E 
• • 1217;341e 
-,12140470 e 
-, 12731309E 
.,12992987c 
*• 1 2 ® 3 6 4 15E 
..13280436C 


Table D3. Numerical A Matrix (Continued) 


01 

a 2, 16 

.onooooooc «sn 

a 3 1 

.oooohooof-so 

a 32 

.OOOOOOOOC-8O 

a 33 

.OOOOOOOOE-8O 

a 34 

,297450091 00 

01 

18685709C-02 

-,76746020c 00 

-,80684922c 02 

-,96086507C-02 

,40746484c 00 

01 

•#798i 1 333c«02 

-»l39l8l54c 01 

-,16623394c 03 

. « 1 8315955C.01 

, 328653521 00 

01 

., 1856486ZE.01 

., 41869660C 01 

-.25653954C 03 

3 , 27849760C.0 1 

.9973X37 iE 00 

01 

•.33773838E-01 

-.11036427E 02 

-,352l331°E 03 

..37198029E.01 
..45847915C. 01 

.33494532C 01 

01 

..53623667C-01 

-,15251974c 02 

-.45530562C 03 

.58380564E 01 

01 

.,77767l44 E .01 

-.92062779C 01 

-,56786391c °3 

..53O32128E-01 

,77095716c 01 

01 

..10552477C 00 

..27827076F 01 

-,69080640c 03 

..55034938E.01 

, 95995430f 01 

01 

..135U3347E 00 

., 46389543c 01 

-,8 2 499496e 03 

..5056TZ05E.01 

,11721487c 02 

01 

••15321173E 00 

-«13#97009E 02 

- , 966661^ 1 E 03 

.,561186132.01 

•14010692C 02 

01 

15759971 E 00 

.,24730495C 02 

. . 1 1075996C 04 

a,94745824C. 01 

,16208472c 02 

01 

.,141 8 3503E 00 

-.25162093C 02 

-,1249755°E 04 

,.100 8 0074t 00 

,1 8 030510E 02 

01 

..116415 8 1C 00 

., 12 8 4l343c 02 

-.140J1131C 04 

..935J8817E.01 

,l9530135f02 

01 

-,8l246874c-01 

,1137 1274 e 01 

>Ci563904lc 04 
.TnT845l2E 0* 

87996684E-01 

,20 9 55005r 02 

01 

..46658681E-01 

,6 0 933596C 01 

. . TBqST 182E.01 

.22423230E 02 

01 

., 3849U73E. 01 

,34489159E 01 

-,19573850c 04 

.;6570468lE.01 

,23835464c 02 

01 

..31113299E-01 

-.4810O478E 01 

-.21933307C 04 

*.5l603602E.01 

,251239642 02 

01 

.,2562 88 50E«01 

-, 18111662C 02 

-.24569701C 04 

..39581759E-01 

,26265445E 02 

01 

- , 2 1 88 2 9 3 9 E -0 1 

-,36532754 E 02 

-,27481702c 04 

.,30409756c. 01 

,27256657c 02 

01 

..18667354E.01 

-,632l3889E 02 

..30654922C 04 

., 23270869C. 0 1 

,281270632 02 

01 

.,15756891 E*01 

.,10736062c 03 

.,34078624 C 04 

,,17776720C.01 

,28912521c 02 

01 

••13134042E.01 

-.1855O220C 03 

-.37734651E 04 

..13569252E.01 

.29657510E 02 

01 

., 1 070 1 826C.0 1 

-,27808652c 03 

.,4l62l46lC 04 

. , 1 0 19946 1 E-0 1 

,302T3255E 02 

01 

-.66534747E.02 

-,32136773c 03 

-.45767503E 04 

.,777975052.02 

,30640710c 02 

01 

6885967 3C-02 

-,30098431c 03 

-,30030241c 04 

..591547311.02 

,30824966c 02 

01 

..54101339C-02 

-,30869462c 03 

-,54351613c 04 

• 44969Z35E-02 

,31034678c 02 

01 

..42476i35E«02 

..40418164C 03 

.,58638530C 04 

..34662220E.02 

•3132T42&E 02 

01 

..33477103E.02 

-,35778480c 03 

.,62905771 C 04 

..26715745C. 02 

,31611503c 02 

01 

-»265485 9 1 E*02 

-,7l65Zl92E 03 

•,67180650c O4 

.,211 9 65S0E.02 

.31621554C 02 

01 

.,21428855c. 02 

-,60975329c 03 

-,71546522c 04 

. , 17 1 5 8 169E .02 

,319352492 02 

01 

-.17355793c* 02 

-,6 2 44b774 e 03 

-«7602 8 602 e 04 

«. 13 9 b6735e.02 

,31986307c 02 

01 

..13984528C. 02 

..9206J053C 03 

-,80449632c 04 

..11404398E.02 

,32057692c 02 

01 

..11319331c. 02 

.,11730395C 04 

.,84666942c 04 

q , 9 30Z62l8E-03 

,32139373c 02 

01 

-.91452961E-03 

• » 146697 jSC 04 

..8864693 7 E 04 

..75843583E.03 

•32169910E 02 

01 

..74462166C. 03 

., !65l9 8 6lC 04 

..93023877E 04 

..62307968E.03 

.32161031C 02 
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Table D3. Numerical A Matrix (Continued) 


a 

35 

.32168625E 

0? 

a 37 

.OOOOOOO0E-8O 

a 38 

, 0000O000E-8O 

a 39 

.0OO00000C.80 

a 13, 13 

.OOOOOOOOC-80 

a 3, 15 

,40148159c 

02 

,321fi74l9£ 

02 

•,10583982c* 01 

.722277J9E-03 

,25305371e«03 

-,39607877'E 00 

,40990228c 

02 

1 3216832 1 E 

02 

• t 20 175125c— 01 

, 1 3768010E-02 

.46236954E-03 

••81603664C 00 

.42465534C 

02 

.32154537E 

02 

-.30676664E.01 

,20934523t-02 

.73345212E-03 

-,12594521c 01 

.45644448C 

02 

.319951572 

02 

-.40973834E-01 

.27961570E-02 

•97964642E.03 

-,17294747c 01 

.51201458C 

02 

.31635834E 

02 

-.50501730E-01 

.34463645E-02 

.12074521E. 02 

-,223622s0 E 01 

,54457040c 

02 

• 3 123253gE 

02 

584 1 51 8 lE*01 

.39863982E-02 

.13966357C-02 

-.27878594E 01 

,54043553c 

02 

,3070«359E 

02 

-.60625693E-01 

,41372490 E -02 

,14495071E*°2 

..33910126E 01 

.46631747E 

02 

,29958565c 

02 

-,557ri0054 E -01 

,38011 1 1 1 E —02 

.13317394E.02 

-.40497451c 01 

,45921042c 

02 

•28958754E 

02 

-, 6 1 8 i 496 1 E-0 1 

,421 84Q76E-02 

. 1 477941 5E»02 

-,«7455759E 01 

,48c587i5c 

02 

.27788385E 

02 

•.10436305E 00 

,712l9954E-02 

.24952289E.02 

-,34382673 E 01 

.52010795C 

02 

•2 6 642253E 

02 

•.11103256E 00 

•75771401E-02 

. 265469 12E-02 

-.61359587C 0l 

.53931039E 

02 

.25563308E 

02 

-.10523653E 00 

.71816043E-02 

, 25 1 6 1 1 3 1 E *02 

-,68730724 E 01 

,4B9"0031E 

02 

,24408946 E 

02 

-,96928832 E .0l 

, 661 4666 1 E -0? 

,23l74833 E .02 

-•76767918E 01 

,46292559c 

02 

.23067959E 

02 

-,859804l6E-0l 

,58675l87E-0? 

,20557l63C»02 

..B5827345C 01 

,47142655c 

02 

.21605082E 

02 

-.72374067E-01 

,49369875 E .02 

.17384004E.02 

-.96082978E 01 

,47956813c 

02 

.20092JT0E 

02 

•«56 8 43854E-0i 

.38791669E-02 

.13S90867E-02 

-,10766504c 02 

.49536024E 

02 

• 1 8575 lc6C 

02 

..43599525E.01 

.29753407E.02 

, 104 24264E.02 

•,12060941c 02 

,31143030C 

02 

.17084335E 

02 

-.33496514E-01 

,22e58659E>02 

.80087226E.03 

..l349j229E 02 

.53648316C 

02 

.15613332C 

02 

-.25632770C-01 

.17492443C-02 

, 6 1 2657Q3E*03 

-,i5050B86C Of 

,56272334c 

02 

.14105652 E 

02 

-,19581155 E .01 

,13362670 E -02 

,466l6823c*03 

-, 1 673J689E 02 

,59957166c 02 

. 1 ?46j587C 

02 

149466 o6E«Ol 

,10l’9938C-02 

,]5736022E«03 

..18545306E 02 

.638477102 

02 

.10882966C 

02 

-,11234763c. 01 

.76668832E- 03 

.26861332E. 03 

.,20476421c 02 

,68101825c 

02 

,98 00 8°68E 

.92049092E 

01 

-,8569438°E-02 

.58.479989E.03 

♦20488774E-03 

— 22521368C 02 

.72166837C 

02 

01 

-,6515926lE-02 

, 4 4 4 663 1 0 E »0 3 

. 15579008E-03 

. ,24612718c 02 

.66069507C 

02 

.8*70258^ 

01 

-,4953386 0 E*°2 

,33g03l45 E .O3 

. 1 1 j43111 E -03 

••26722760E 02 

,85789892c 

02 

.73144587E 

01 

-,3el60626C.02 

,26059415c. 03 

.91286527E.04 

..28852395C 02 

.65578337C 

02 

,59683990c 

0! 

• t 29427540 E .O2 

,200 8Z090E-03 

,70356667c. 04 

-, 30999924 C 02 

,65395592c 02 

•4T220326E 

01 

-•2334#117E-02 

. 15933339C- 03 

•55823299C.04 

-,33164330c 02 

•652664S0E 

,63I76237E 

02 

.38792782E 

01 

-,18899817E.02 

,12897706C-03 

.45187804C.04 

-,35344506c 02 

02 

,3432 9 386C 

01 

-.15406465C-02 

,10513757c. 03 

.368 3 5507E-04 

-,37539325c 0* 

,4S66831bC 

02 

.26857579E 

01 

-, 12562228E-02 

,8572 7787C-04 

,30035185C*04 

-,39748321c 02 

,51445802c 

02 

,14034307c 

01 

-,10246869 E -02 

,69927335c. 04 

,244994l3 E -04 

-.41967469C 02 

,57219103c 

02 

.76009597C. 

>oi 

-.83542124E-03 

.57011236E.04 

.468385B3E.04 

. l9974l89C»04 

-.44203089E 02 

.62993996C 

02 

.75960143C 

00 

-.68632570E.03 

,164*9445C-04 

-. 46377403 E 02 

.68768965C 

12 
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Table D3. Numerical A Matrix (Continued) 


.82997700E.03 
.29574l00g.03 
,252946008-03 
,67615700 e.02 
•14663200E-01 
. 1 55 1 2 1 OOE.O 1 
.1504<j300e.01 
, 1 4085700E.0 1 
,13558500^.01 
.13906700E.01 
. 1 38<9 100E.0 1 
• 13781900E.01 
.13555000E.01 
,1317 86 00 E .01 

• 1 2631 100E.01 
, 1 19«3900e.01 

• 111 T 5 eooe-o 1 

,103611 OOE.O 1 

• 9549g200E.02 
.876754008.02 
,80305900e-02 
,735o3900E-02 

,67176700e.02 

• 6 1 4686°0E-02 
,563896008.02 
. 5 I907 100 e .02 
.48031800E.02 
,44557100e-02 

,<1 39770QE.02 

,35598600e.02 

.3(,02.lOOE.02 

.336217008.02 

• 3 1 502000e«02 
,28946400e.02 
,279l3700 E .02 


a 54 

-.82997700E-03 

-,2457410Oe*°3 

-.25294600E.03 
-.676157008.0? 
-.14663200E-01 
., 155*2 100E.0 1 
-.15049300E-01 
..14085700E.01 
-,13585500e-01 
•• 13908700E«0 1 

..13849100E.01 
-.l378l9°°E-0l 
-,135550f)0E-01 
••1317«80 0 e- 01 
.. 12631 lOOE-O 1 
.. 1 1943900E.01 
••11 1 758oOE»0 1 

. , 1 036 1 100E.0 1 
-.95498200E.02 
-.87675400E-02 
..80303900 E -02 
,,735o39oOE-o2 
,,67176700e.02 
-•61468600E.02 
-,56389600 E .02 
•.51987100E-02 
. ,480318008.02 
•,44587100e-02 
,,4i3977oOE«02 
.,38598600e.02 
-.36028100E-02 
..33621700E.02 
.,31502000 E -02 
..28946400E.02 
.,27913700e.02 


a 64 

.ooooooooE-en 
,7674b020E 0" 
.13915154E 01 
,418686§0 e 01 
, 1 1 0364Z7E 0? 
,1525%974F 02 
, 9 Z06Z779E 01 
,2782 7 076E 01 
,46369543e 01 
,1389Too9E 02 
.24730495E 02 
.25162093E 02 
,12B41343e 02 
..11371274e 01 
.,60933596E 01 
.,34489l59E 01 
. 461604 T 8 E 01 
, 181 1 1662E 02 
.36532754E 02 
.63213889E 02 
,10736062 E 03 
, 1855o2?oE 03 
,27808652e 03 
,321 36733E 03 
,3009S43lE 03 
,3086 v462E 03 
.40418164E 03 

, 557784$®E 03 

,7i65zi92E p3 
,B097»329E 03 
.824467T4E 03 
, 92063053E 03 
, 1 1 7 30395 E 04 
.14669728E 04 
,165l986lE 04 


a 65 

,000000002*80 
,80684922e 02 
.16623594E 03 
,25653954e 03 
•35215310E 03 
.45530562E 03 
.5678639 1 E 03 
.69080640E 03 
(S 2499496e 03 
.9666617 1 E 03 
, 1 1075996E 04 
.12497530E 04 
.14081131 E 04 
.1563904l E 04 
, 174845 1 2E 04 
.19573850E 04 
•2193336TE 04 
.24569701E 04 
.27481702E O4 
.30654922E 04 
.340786248 04 
.37734651E 04 
,41621461 E 04 
.45767S03E 04 
.50050241E 04 
.54351613E 04 
.56638936E 04 
,629*577lE 04 
• 67 j8fl850E 04 
,715465228 04 
•76028602E 04 
•80449632E 04 
.846869428 04 
,868469378 04 
,930238778 04 


a 77 

. OOOOOOOOE.8O 
.,8>2l5256E 00 
..16733306E 01 
..25825799E 01 
•.35463886E 01 
..45855156E 01 
•.57I66679E 01 
»,69534687E 01 
•.83042381E 01 
O.97310796E oi 
B.U151484E 02 

• .12562H0E 02 
s, 14093635E 02 

0.157417088 02 

B.17599397E 02 
,;1970z3T4E 02 

9.22077343E 02 
B.24731662E 02 
9.27664551E 02 
..30662716E 02 
«.3431 9 554e 02 
•,36o2823oE q2 
..41968092E 02 
B.46161375E 02 

• ,5046961 IE 02 
..54796574E 02 
•.59163516E 02 
-,635671488 02 
-.66095386E 02 
..72475966E 02 
•.78976571E 02 
..61506245E 02 
.,660967398 02 
..90641O07E 02 
• , 95099565 E 02 


a 7, 11 

.OOOOOOOOE-60 
.612162568 00 
.16733306E 01 
.258Z5799E 01 
.35463886E 01 
.45855156E 01 
.97166679E 01 
.69534687E 01 
,6304238lE 01 

,973io796f 01 
.1U51484E 02 
•12562140E 02 
.14093635E 02 
,157417088 02 
.17599397E 02 
, 197023748 02 
.22077343E 02 
.24731662E 02 
.27664551E 02 
,308627 1 6E 02 
,343l9554 E 02 
,36 q2623oE 02 
.41968092E 02 
.46181375E 02 
,5046961 IE 02 
.54796574E 02 
.59163516E 02 
,635671468 02 
,66oo 5388C 02 
,7Z475966e 02 
, 7697657 IE 02 
.61506245E 02 
.660967398 02 
,906410078 02 
,950995658 02 
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Table D3. Numerical A Matrix (Continued) 


a 88 

.ooonooooc. 

.00 

a 89 

, 000000002.80 

a 8 , 11 

. 000000002 . 

.80 

-. 34005731 E 

01 

-.18538950E 01 

,5254468 1 E 

01 

..700M626E 

01 

-.381955902 01 

. 1 08257222 

02 

• • 1 081 31 50 j 

02 

-.38930l94g 01 

.16T0o169 E 

02 

-.14848575E 

02 

-.60950175E 01 

,22943592 E 

02 

»* 1 91993552 

02 

., 104669382 02 

,29666292 E 

02 

-.’3935440E 

02 

-.130489162 02 

.369843362 

02 

» ,2gl ' 387 1 E 

02 

-, 15872048E 02 

,449859192 

02 

..34769«8*E 

02 

-.18955326E 02 

,53724810 E 

02 

-.407436072 

02 

-.2221*2472 02 

.62955854E 

02 

-,466907792 

02 

-,25454475e 02 

,721432»3 E 

02 

-.52680875E 

02 

-.287201032 02 

.8140097BE 

02 

..59009437E 

02 

..32170254E 02 

,91 179691E 

02 

-t659°98«SE 

02 

-,35932l6°2 02 

,101 8 4201 E 

03 

..73687909E 

02 

-.40172536E 02 

,11 386044 E 

03 

.,8H992 9 82e 

02 

-,44972810e 02 

,12746579 E 

03 

..92436874E 

02 

-,5o393934E «2 

,l428308lE 

, 16000310 E 

03 

..10385040E 

03 

.,564527082 02 

03 

-.113330272 

03 

-.631473452 02 

.178917622 

03 

- , 1 29Z2086E 

03 

..70447508E 02 

.19966836E 

03 

»• 143694462 

03 

..7633 8 113 e 02 

,222032592 

03 

15922255E 

03 

-.86803569E 02 

,246026122 

03 

..17530232E 

03 

-,958423e5 E 02 

,27164470 e 

03 

-.1933J941E 

.,211314902 

03 

-.105414012 03 

.2987T342E 

03 

03 

-,U5202s3E 03 

,326517732 

03 

-.229430e7E 

03 

-.125079142 03 

,354510012 

03 

..24771507E 

03 

-.135047162 03 

,382762232 

03 

-,266152892 

03 

-,14509893 E 03 

41123lBl E 

03 

-.284733602 

03 

-.155229692 o3 

,4399633 0 E 

03 

..303433722 

03 

.,165434272 03 

, 46808799E 

03 

-.322297362 

03 

-.175707392 03 

•49800495E 

03 

..341263H2 

03 

.,186046862 03 

,527309972 

03 

— 3 6 0313»2e 

03 

-.196433062 03 

,556709682 

03 

-.379309962 

03 

-.206697952 03 

,566407912 

03 

-.396177742 

03 

-,217075092 03 

,615292842 

03 


a 9, 8 


a 99 

a 9, 11 


•00080000E. 

.80 

.ooooooooe.bo 

.00D00000E. 

18 O 

,627499312 

01 

.177620802 01 

-, 805120112 

01 

.129282982 

03 

.36595013E 01 

-.16587799E 

02 

,19953237 E 

02 

,56479900c 01 

-.256012272 

02 

, 27399707E 

02 

.77557977E 01 

.,351555052 

02 

,354280932 

02 

.10028323E 02 

-,454564162 

02 

•44167473E 

02 

.12502104E 02 

-.56669578E 

02 

.537231042 

02 

.15206934E 02 

-.68930038E 

02 

.641592652 

02 

.18161008E 02 

-,823202732 

02 

.75183167E 

02 

.21201448E 02 

-.964646152 

02 

.8615T336E 

02 

,243678112 02 

-,110545152 

03 

.972107 1 IE 

02 

.27516594E 02 

-.124727312 

03 

,106686652 

03 

.308221672 02 

.,139710822 

03 

.12162181E 

03 

,3442^4322 02 

-, 156048242 

03 

.13597447E 

03 

.384891152 02 

174463582 

03 

,15222225c 

03 

.43088235E 02 

-.195310492 

03 

,l7 0 57i47E 

03 

.48282189E o2 

., 218653662 

0* 

,191078972 

03 

.54087070E 02 

.,24516605c 

03 

.21373873E 

03 

. 6 O 5 OH 7 OC 02 

•.27423990E 

.,305943462 

03 

.23644804E 

03 

,674954222 02 
i 75055373c 02 

03 

,26515566c 

03 

., 34021123 C 

03 

.29380941E 

03 

.B3166066C 02 

-,376975502 

03 

,324403652 

03 

, 91826132c 02 

-,41622979c 

03 

.356*01322 

.38993415E 

03 

03 

.10099666E 03 
,110375282 03 

-,457797982 

.,500309432 

81 

.423363102 

03 

.11963772E 03 

-, 543200822 

03 

,457102472 

03 

.129388042 03 

-.506490512 

03 

,49112532c 

03 

,139*18592 03 

-,63014391c 

03 

.5254,5542 

03 

.14872483C 9 3 

-, 674x40372 

I 3 

,559955622 

03 

;15850179E 03 

.,718457412 

03 

•59472766E 

03 

;i663444lE 03 

-.763072102 

03 

.629724342 

03 

.1762906CC 03 

.,007974962 

03 

.66406185c 

13 

. 16620*392 03 

•.0530o4If2 

03 

,700)00302 

03 

.1902C794C 03 

. ,09052024( 

03 

.7*4747512 

•3 

,207970012 03 

.,942726122 

•3 



212 


Table D3. Numerical A Matrix (Concluded) 


a 10, 10 


a 10, 13 


.onooooooE 

.80 

.OOOOOOOOE. 

• 80 

-.16Z79Z73E 

01 

.16279Z73E 

01 

-.33540004E 

01 

• 33540004E 

01 

-.51764869E 

01 

,517648692 

01 

-.7 1083316E 

01 

, 7 1 08 33 1 6e 

01 

..919U432E 

01 

,919H432e 

01 

— 11458409E 

02 

. 1 1458409E 

02 

-• 1 3937435E 

02 

.13937435E 

02 

-.1 6644898E 

02 

.16644898E 

02 

.. 19504839E 

02 

.I9504839E 

02 

-.ZZ351878E 

02 

,2235ls78 E 

02 

-.25219466E 

0? 

.25219466E 

02 

.,2 8 249084 E 

02 

,282490«4 E 

02 

-.3 1552459E 

02 

.3 1352459E 

02 

-.35275984E 

02 

, 35275989E 

02 

-.3 9 49ll6lE 

02 

,3 9 49ll6lE 

02 

-.44251516E 

02 

.44251516E 

02 

-,49571797 E 

02 

,4 9 571797 E 

02 

-•55450438E 

02 

.55450438E 

02 

..61860798E 

02 

.61860798E 

02 

-.68780633E 

02 

.68789633E 

02 

..76223251E 

02 

.76223251E 

02 

— . 84 1 60 343 E 

02 

,8*160343 E 

02 

-.9Z5653 0 oE 

0? 

,9Z5653 0 oE 

02 

*. 1 01 I 6 O 98 E 

03 

.IOH 6 O 96 C 

03 

-• l f, 98334«E 

03 

.IO 9 A 3345 E 

03 

-.11858652E 

03 

,1 1658652c 

03 

-. 1 2741 310 e 

03 

,1Z741310 E 

03 

..13630905E 

03 

.13630903E 

03 

-,>452698lE 

03 

, 14526981c 

03 

-•15429076E 

03 

.15429076E 

03 

-.16336997E 

03 

,16336997c 

03 

-• I 7249 O 92 E 

03 

» I 7249 O 9 ZE 

03 

1 6 167956E 

03 

.18167956E 

03 

•»1 9 O 6 I 623 E 

03 

,1 9 O 6 I 623 E 

03 


a 1 1. 1 1 

a ll, 12 


.OOOOOOQQE-80 

.OOOOOOOOE. 

.80 

.41036039C-02 

.1Z555344E 


,81 347 159F-02 

.265Z4554E 

04 

, 12347<J&4 E -01 

.42886ZZZE 

04 

,|652345lE-0l 

.59839900E 

04 

,l984f399E-0l 

,83538353 E 

04 

.21989842E-01 

• 1 1939223E 

05 

,2417 1994E-01 

.16326898E 

05 

.263OU000E-01 

•21350000E 

05 

.28243285E-01 

,28101492c 

05 

,3415Z265e-01 

,36529247c 

05 

.37650936E-01 

,47124992c 

05 

,Z078059lE-Ot 

,58941463e 

05 

-.100UZ53E-01 

• 64468 107E 

05 

. , 3 6 38 1 9 34 E .0 1 

.59419078C 

05 

- . 4 1 8 1 B923E-0 1 

.5Z120907E 

05 

-.Z9530865E-01 

.46601270C 

05 

-,179* z 946 E -01 

, 42307724c 

05 

-.1764B978E-01 

-,Z1493652E.01 

.38733898E 

,35737869E 

05 

05 

-,Z099o089C-01 

,3322 8 514C 

05 

-, 1 7 1 1 5033E-0 1 

.31 1 1S225E 

05 

. . 1 49I 71 64 E -0 1 

.29304929E 

05 

-.16378 80 0E*01 

.27577923E 

05 

.,l94OUOO0r.Ol 

.255300O0C 

05 

-.22107769E-01 

.22978566C 

.2023I455C 

0? 

-.Z4615898E-01 

05 

•• 27507 173 E »01 

. 17793875 E 

05 

-.30949643E-01 

.15623838E 

05 

-,3480O702e-01 

.13274708C 

05 

-.4053U988E-01 

•10542561E 

05 

- , 5 32 321 05E-0 1 

.77857787E 

04 

•,7945l0Z2f.0l 

« 537741 17E 

04 

-,13287049E 00 

.32179279E 

04 

-,22900000c 00 

,10000000c 

04 


a 12, 11 a 12, 12 

.ooooonooE.so .ttoooooooc-ao 

-.58U36Z5E-08 -.465498Z6C.02 

-.14541286E.0T -.9614028 lC-02 

..206T3621E-07 14 B 24705 E .01 

-.27 2711 A IE. 07 -.20316386C-01 

32551 303E-07 -.26069286C-01 

-.34457560E-07 -.3ZO4796OE-01 

..337S0056E.07 -.38233933E-01 

•.36900000E.07 -.44500000E-01 

•, 36461 587E. 07 ..50393973E-01 

..34411Z97E-07 -,561IZ526 E -0l 

«.3l35}43lE.o7 -,6o842o82E-01 

..Z8498717E.07 -.64894305E-01 

•.29138206E-07 -.66610404E.01 

W.35267868E.07 -.72308361E-01 

•.44155589E-07 •.76»49766E>0i 

a. 542 1 1855E-07 -.79732630E-01 

• .6514O89E.07 03133736 E -01 

».767836oiE-o7 -.86212929E-01 

. ,8698403«E.07 89045832E-01 

• . 1 0 1 75 1 1 8 t-06 -.9179Z023E-01 

-, 1 14716386-06 -.94386559E-01 

..12744593E-06 -,966637S4 E -0l 

.,14o45649E. 0 6 -,98«6i536E-81 

. , 1 5350000E.06 ..9968I000E-01 

•.17402203E-06 -.99967327E-01 

..19591246E.06 -.9972050&E-01 

..22068979E-06 -,99071576 E -01 

-.24813490E.06 -.98052717E-01 

,.Z78Z9l55E.06 . , 96557804 E .81 

• • 324 12592E-06 ..945200452-01 

», 4 2 742430 E. 06 -.91968334E-01 

..64062162E-06 -.88976780E-01 

..10660333E.05 -.65857943E-01 

-.18180900E-05 -.630000002-01 
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Table D4. Numerical G Matrix 


S 74 


g 84 

g 94 


.onoonooOE. 

.80 

,OQOOUOOOE.8o 

.OOOOOOOOE. 

.80 

•81218256E 

00 

•52344641 F 01 

••80512011 E 

01 

.16733306E 

01 

•10823722E 02 

16567799E 

02 

.Z5825799E 

01 

,l67®8l69f 02 

-.25681Z27E 

02 

.354638B6E 

01 

•2294J392E 02 

•• 35 153505E 

02 

,45855156c 

01 

,2966c>292e 02 

4545641 6 E 

02 

,5Ti666T9E 

01 

•36984336E 02 

-.5666957BE 

02 

.6953A68.7E 

01 

,449859l9E 02 

..68930038E 

02 

•83°423glE 

01 

•33724810E 02 

..82320273E 

02 

.97310796E 

01 

•62933834E 02 

-,96464615 E 

02 

.11151A8*E 

02 

,7214»233 E 02 

..U054515 E 

03 

• 12582140E 

02 

.B1400976E 0? 

..1Z472731E 

03 

.14093633E 

02 

,9ll7969lE 02 

..1397108ZE 

03 

•15741708E 

02 

•10184201E 03 

-.156»4824E 

03 

.17599397E 

02 

• U3B6044E 03 

..174463SBE 

03 

.19702378E 

02 

•12T46379E 03 

-.19531049E 

03 

.22077343E 

02 

.142B30B1E 03 

..21BB5366E 

03 

,247 31 6 6 2 E 

02 

,16000310 E 03 

•,245l6605 E 

03 

, 2766433 lE 

02 

•17697762E o3 

-.27423990E 

03 

.30862718E 

02 

.I9966836E 03 

,, 30594346E 

03 

• 343l«554E 

02 

.22203259E 03 

-.34021123E 

03 

.38028230E 

02 

,246*2612e 03 

•»37697550 E 

03 

.41 95S0 9 2 E 

02 

,27164470 e 03 

-.41622979E 

03 

.46181375E 

02 

•29B7T342E 03 

..45779798E 

03 

,5046981 1 E 

02 

,32651773 E 03 

-,50030943 E 

03 

.54796374E 

02 

•33431001E 03 
,3b276223 E 03 

••5432O0B2E 

03 

.59163516E 

02 

.,3S6*905lE 

03 

.63567148E 

02 

,4ll29l8lE 03 

• •6301439U 

03 

.68003388E 

02 

•43996330E 03 

-.67414037E 

03 

.72473966 E 

02 

.♦6888799E 03 

••71845741c 

03 

.76976371E 

02 

• 49Bbij<95 E 0 3 

••763|72l0E 

03 

.61504245E 

02 

.32730997E 03 

• f fl0797496E 

03 

•86056739E 

.90641007E 

02 

02 

•3567496SE 03 
.56640791E 03 

•.853»8419E 

..89832824E 

03 

03 

.95099365 E 

02 

,6l3292«4 E 03 

..94272612 E 

03 


g n, 5 


g 12, 5 

g 13, 6 

.OOOOOOOOE. 

.80 

,itOOOOOOO E .BO 

.OOOOOOOOE-80 

•10B2Q374E 

01 

-• 15071 135C-05 

•20T77371E-01 

.1527B645E 

01 

..Z8748Z58E-05 

•29823Z28E.01 

, 20279 ! 25E 

01 

-,Z6010943 E .85 

i38974894E.01 

.24461378E 

01 

•,30552883 E .03 

•49055245E.01 

,29897B45 E 

01 

.,34462563 E .05 

•61551460 E .01 

,3B4»2124E 

01 

-.38i99523 E . 9 5 

.76957860E.01 

.48106218E 

01 

..41766140E.05 

•959Z9033E.01 

.58700000E 

01 

.. 45 IOOOOOE-O 5 

•11906991E 00 

.71938670E 

01 

-,48114902 E -05 

,150376312 00 

•888?5314 E 

01 

..58641S04 e .0S 

,1 8 7473 8 3 E 00 

,U00«q29E 

.13358Z46E 

0 ^ 

..52646777E-05 

•23737109E 00 

02 

,,54306652 E .05 

,2 9 337632e 00 

•14258429E 

02 

••55836747E-05 

• 32J7"169$E 00 

.1Z769456E 

02 

.,5738Z402 E .05 

,'f97066'09E 00 

.10B77721E 

02 

-.56915939E-03 

•26381095E 00 

, 95097554E 

01 

-.6Q391135E-05 

,236350062 00 

, 8461 4833E 

01 

-,6l764465 E -05 

•2l8l4l01 E 00 

.76337293E 

01 

.,63ob3208E*09 

• ? 1 10 2T79E 00 

,6926 6 290E 

01 

..64098607E.05 

t l9*95l48E 00 

•633697Z7E 

01 

-.65847308E-05 

•18Z92199E 00 

.58453254E 

01 

-,658642l9E-#5 

.17540812E 00 

.54333842E 

01 

.,66569750 E .05 

•16976394E 00 

.50610690E 

01 

-.6714X469E-05 

, 16379564s 00 

.46600000E 

01 

.,675800007.85 

, 1 5740575E 00 

•41852524E 

,36932b46E 

01 

01 

•.67J91619E-05 

..67488366E.05 

•14739114E 00 
,136lSl94E 00 

•3Z6*1122E 

01 

•,672537°®E»®5 

•12771538E 00 

.28751335E 

0 L 

-,66909006E«85 

,1135 8 017E 00 

,Z«6‘2601e 

01 

..66374577 E -85 

•99411048E*®! 

•19803648E 

01 

-,6563ol83E-o5 

•85375976E.01 

.14850739E 

01 

.,647744242.05 

,70281631 E.O 1 

, 1033044qE 

01 

-.63694156E-85 

•51385100E.01 

.6Z836345E 

00 

. ,628786142-65 

.32781833E.01 

,25008000e 

00 

.,6l580000 E .85 

.I 45993 O 9 E.OI 
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Table D5. Numerical H Matrix 


h 14, 15 


h 73 


h 77 


■OOOOOOOOE- 

80 

.OOOOOOOOE* 

*80 

,00000000c* 

*80 

,37266019c 

01 

».357o3580E 

05 

-,357o338nc 

05 

,79346546c 

01 

..68061771E 

05 

.,68061771c 

05 

.12769363E 

02 

.« 10348923C 

06 

-.10348923E 

06 

.16831333E 

02 

•,13822723c 

06 

-,13822723c 

06 

.24412296E 

02 

-,17037006c 

06 

-,17037006c 

06 

27990693C 

02 

19706647C 

06 

-, 197fl6647E 

06 

.26742451C 

02 

.,2045237*E 

06 

.,20452374c 

06 

,28124946e 

02 

*. 18790686E 

06 

-, 10790686E 

06 

.30*023322 

02 

-.20833380E 

06 

.,2085J588£ 

06 

,3240932lC 

0? 

.,352073 8 *e 

06 

..3520/3«4e 

06 

,32l682#2E 

02 

-.37457379E 

06 

..3T457379E 

06 

, 27133401c 

0? 

..35502059C 

06 

., 35502059E 

06 

,23241332c 

02 

-.32699416E 

06 

-.32699416E 

06 

.20396660C 

02 

.,2900591*E 

06 

..29003914C 

06 

,17417637c 

02 

•,244l57*6E 

06 

-.24415746E 

06 

.14158991E 

02 

-,19176552E 

06 

-,19176532c 

06 

,112362172 

02 

-,14708313c 

06 

-,14708513c 

06 

.90032867C 

01 

-«lj300 2 l3E 

.,86473402c 

06 

-. ll3oo2l3C 

06 

,71827430c 

01 

05 

.,86473402c 

05 

,5e087320 E 01 
,464946522 01 

-.6603798*E 

.,30423105E 

05 

-,66037984c 

..50423105E 

05 

05 

,36999738c 

01 

-,37901022c 

05 

-,37901022c 

05 

.29H9130C 

01 

-,26909416c 

05 

.,28909418c 

05 

.19773945E 

01 

-,21981793c 

05 

-,21981795c 

05 

,14592351^ 

01 

-, 16710490E 

05 

-.1671O490E 

05 

, 10633409C 

01 

-,12680421c 

05 

.,12880421c 

05 

,81194913c 

00 

-.99275247E 

04 

-.99275247E 

04 

•61576082E 

00 

-,78766014c 

04 

.,76766014c 

04 

,4776357*E 

00 

-,63759*58e 

04 

-,63759458c 

04 

.26321468E 

00 

-,31974464c 

04 

-,31974464c 

04 

.23368856E 

00 

42379291E 

04 

.,42379291c 

04 

,205312 8 7e 

00 

-, 34568 38 IE 

04 

-. 34568381E 

CM 

.17940S48E 

00 

-,28l83344E 

04 

..28183344E 

04 

,15569931c 

00 

-,23153533c 

04 

-,23153533c 

04 


h 7, 15 


h 83 

CO 

-Cl 


-,77973840c 

06 

.OOOOOOOOE. 80 

, 00000000 c* 

• 60 

-.T7973840C 

OB 

,3«30*244E o3 

-.14540768C 

05 

-,78982100c 

06 

, 1Z466163E 04 

. .22366740C 

05 

-.826l5l40E 

08 

.28B21502E 04 

-.10321123E 

06 

-,90041220c 

08 

.31417807C 04 

-, 46298565 c 

06 

-,92826000c 

06 

, 78111 1 I 9 C 04 

-,99463000c 

06 

-,691 12960E 

OB 

,10*3 8 854C o’ 

-,13192981c 

07 

.,74260800C 

06 

, 1 1 256770E 03 

-,19633344c 

07 

•.70547760E 

08 

.93019249E 04 

-,22025476E 

07 

.,71476020C 

08 

.11 7O2740C 03 

..29217306C 

07 

-,74260800c 

oe 

, 33357326 c 03 

-,37063766c 87 

-.74260800C 

08 

.37737313E 03 

-,67337363c 

07 

-,64978200c 

08 

. 3391 8247E 03 

-,69336001c 

07 

-.59408640E 

.,58480380C 

OB 

06 

.28774402E 05 
,2264] I 99 E 05 

”,685»1642E 

-,65040627c 

07 

07 

-,57532120c 

06 

,l60422 8fl c 05 

-,56l96062C 

07 

-,57532120c 

08 

.96961751E 04 

-.48179102C 

07 

-,57332120c 

oe 

,5a2iaeeiE 04 

-,38632564c 07 

-,5848 o 380E 

OB 

.34363672E 0 4 

•,3qBo2663E 

.,24322445C 

07 

-,39488640c 

06 

,20122939c 04 

07 

-.61263160E 

-,63121680c 

08 

.11742943E 04 

-.19099026E 

O 7 

08 

.60420381E 03 

., 14954237E 

07 

-.64978200C 

08 

.38697000C 03 

-, 11473673 c 

07 

-.67762980E 

08 

.22490806E 03 

., 86360509 c 

06 

-,62193420c 

08 

,130«3272E 03 

-,6773881 lE 

06 

-•62193420E 

OB 

, 75 145794 E 02 

-,5lB6080lC 

06 

-,62193420c 

08 

;44646399E 02 

-,40351043c 

06 

•.62193420E 

06 

.26922122E 02 

-.31362390E 

06 

-.62193420E 

06 

, 16693670E 02 

-,25064370E 

06 

-,62193420c 

Oi 

, 10939953 c 02 

-,28361741c 

06 

..43628220E 

08 

.72695305E 01 

-,16624712c 

06 

-,49197780c 

00 

.4B331879E 01 

-,13585822c 

06 

♦.54767340C 

06 

.32157658E 01 

-« 1 1 1 1006 IE 

06 

..60336900E 

00 

.21375258E 01 

-.90665565E 

05 

-,65986460c 

00 

,1*42 6 4 9 6E 01 

-,7446414 9 E 

05 
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Table D5. Numerical H Matrix (Continued) 


h 85 


r~ 

co 

JC 


h 88* 

h 89 


h 8, 11 


h 8, 14 

.00000000E* 

.so 

.OOOOIOOOE- 

>so 

.OOOOUOOOE-Bri 

.000000002" 

► 80 

,OOOOOOOOE> 

'80 

. QOOOOOOOE- 6 O 

.n4B5584E 
, 2 ‘894329E 

0T 

.29377356E 

0 5 

-.257893332 o? 

-,9n354295E 

01 

,.289994492 

05 

, 000000002-60 

07 

, 11526300E 

06 

.,937075162 02 

., 32630925E 

02 

3,113869852 

06 

.OOOOOOOOE-60 

.332764822 

07 

,270443902 

06 

-.216649762 03 

-.759043932 

02 

,,267269202 

06 

,000000002-80 

.44H26020E 

07 

.495871 19E 

06 

..38650504E 03 

-.135414092 

03 

-.490207492 

06 

.800000002-60 

.53gg7989E 

07 

,78983855e 

06 

-,587l573lE 03 

-.205713682 

03 

..78123456E 

06 

,000000002-60 

• 6 154886&E 

07 

.11380752E 

07 

-,785585422 03 

-.275234022 

03 

-, 11265636E 

07 

,800000002-80 

,6ii797704 E 

07 

t l4345488£ 

07 

.,8461b565E 03 

-,29645862e 

03 

,,142214942 

07 

,000000002-60 

.56294199E 

07 

,157o8897E 

07 

-,T142»4842 03 

-.25024297E 

03 

-.156042332 

07 

. 000000002-60 

.603893672 

07 

.20421690E 

07 

.,679688992 03 

-.308203702 

03 

-.202927842 

07 

,800000002-80 

•978356352 

07 

,3962b89 3 2 

07 

.,250746832 04 

-.878504 8 12 03 

-.392614582 

07 

.ooooooooE-eo 

.997948942 

07 

.47545299E 

07 

-.283819802 04 

-.994377732 

03 

471294002 

07 

,000000002-60 

. 90755007c 

07 

.50408917 e 

07 

-,Z3496174e 04 

-.893271972 03 

,. 50035306c 

07 

,800000002-60 

.79815828E 

07 

,5i79l4i8E 

07 

.,216295712 o4 

757803502 

03 

-.51474466E 

07 

.ooooooooE-eo 

.66909273E 

07 

.512980522 

07 

.,170192742 04 

.,596279302 

03 

.. 510486582 

07 

,000060002-60 

,527504X82 

07 

.4826152 12 
.42445736E 

07 

-.120589962 04 

-.422490172 

03 

-.481048142 

07 

.000000002-80 

.3g529855E 

07 

07 

.,743890462 03 

..26062597E 

03 

-.42336731E 

07 

, 80000000E-60 

,2 7 321248E 

07 

,36440726e 

07 

-,43t62b37e 03 

-,15332542e 

03 

-.36376598E 

07 

, OOOOOOOOe-BO 

.I9305662E 

07 

.31299383E 

07 

.,258309982 03 

-.905002692 

02 

312615312 

07 

,000000002-80 

, 1 350 1 379E 

07 

.26710207E 

07 

.,151263112 03 

.,529958322 

02 

-,266880422 

07 

,000000002-60 

.931804132 

06 

•226837402 

07 

-.882711042 02 

-.309262492 

02 

-, 226768062 

07 

.600000002-60 

.62845274E 

06 

,191825512 

07 

.,514312532 02 

180192122 

02 

-.191750142 

07 

,000080002*60 

,412475522 

06 

,l59l8l74E 

07 

..2905o2t12 02 

-.101807192 

02 

-.159139162 

07 

.OOOOOOOOE-60 

,283335622 

06 

.13353244E 

07 

.,169062252 02 

-.592318542 

01 

-.133507672 

07 

.OOOOOOOOE-BO 

,20234043 E 

06 

,11095603e 

07 

-.97744934E 01 

-,342454562 

01 

110941712 

07 

,800000002-60 

•l4l’4gl6E 

.942I3308E 

8 ; 

,9i576n 3 7E 

.76210018E 

8 6 6 

..564867UE 01 
.,335604722 01 

-. 1 979j 4 i9E 
. f ll758089E 

01 

01 

,.9l567759E 

,,762051002 

0 6 

06 

. 000000002-60 

,600000002-60 

.592514282 

05 

.631093652 

06 

-.19936544E 01 

-.698487402 

-.439697672 

00 

*.631064442 

06 

,000000002-60 

.37193570E 

05 

.53566973E 

06 

.,125500562 01 

00 

.,535651342 

06 

,000000002-60 

,24734067£ 

05 

.462U468E 

06 

.,822390862 00 

-.2881H99E 

00 

o .462l02g3c 

06 

,ooooooon E -eo 

,178425152 

05 

.400089612 

06 

-.54644692E 00 

•» 19145057E 

00 

,.400081612 

06 

,800000002-60 

,U362051e 

05 

,34542301e 

06 

.,3633«826E 00 

-.127286962 

00 

-.34541769E 

06 

,000000002-80 

.485143292 

04 

.29748776E 

06 

-«24i7i748E 00 

-. 8469o5042< 

■01 

..29748422E 

06 

,800000002-00 

.214220462 

03 

,255459022 

06 

.,160676732 00 

., 562939442. 

.01 

-.255456672 

06 

,000000002.80 

.•75874572 

04 

,2201 9 0 6 82 

06 

-.108443242 00 

-.379936632' 

• 01 

. .220189092 

06 

.08000000E-60 
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Table D5. Numerical H Matrix (Continued) 


h 8, 15 


h 93 

h 97 • 

h 9. 15 

h 10, 3 

h 10,4 

,?«63 9 733e 

10 

.onooooooc-en 

,00000000c-80 

-.IO 974 O 96 E 10 

.00000000E-80 

, OOOOOOOOc-80 

,24625098 t 

10 

-,77707456c 05 

-.77707496F 05 

-.1U974096E 10 

.74666380E 33 

-,31663056c 05 

• 24904 1 6 1 E 

10 

- , 1 48 1 255 lE 06 

..146U331E 06 

.,11 104740E 10 

,27 130601E 04 

-,46661966c 05 

,2 6 059M7E 

10 

-.22522767E 06 

-.2252Z767E 06 

-.11627316E 10 

.627233662 04 

-.22462264C 06 

.28382251E 

10 

..30082936E 06 

-,30082 9 36E 06 

..12672468E 10 

,11 1 90239C 05 

- , 10076139C 07 

,2 g 240238E 

10 

-,37078305c 06 

-.3707B303E 06 

-,13064400c 10 

,16999630c 05 

-,2l646523f O 7 

.2B053I98E 

10 

-.42888350E 06 

-,42886330E 06 

..12541824C 10 

.22744605E 35 

-,33065061c 07 

,23371040e 

10 

-,44511305c 06 

-,44511305E 06 

-,10451520c 10 

,24498350E 05 

-,42728819c 07 

• 22206603E 
,ZZ485766E 

10 

-.4089490 ?E 06 

-,408949o7E 06 

-.99289440E 09 

.20679412E 05 

••479J4912C 07 

10 

-,453b4464E 06 

-, 43384464c 06 

1Q059S86E 10 

.25469132C 03 

-,63566775c 07 

,232B3Z96E 

10 

-.76623213E 0 6 

— ,766232l3F 06 

-, 1 O 45 I 52 OE 10 

.7259.7294E O 5 

-, 12419452 c 0 e 

,23264401c 

10 

-.81519963E 06 

- , 81 319965E 06 

10451 520C 10 

.82172724C 05 

-,14696465c 06 

,2035 9 506c 

10 

-,77264326c 06 

-.77264526E 06 

-, 91450800 c O 9 

,73617614c 05 

-,13069666c 66 

, 1 g62 1 756E 

10 

-,71165023c 06 

-,71163023c 06 

., 83612160c 09 

,62622e60C 05 

-, 1491 2634f Oe 

, 1 8343038c 

10 

-,63126710c 06 

.,63126710c 06 

.,82315720c 09 

,492 14931C 05 

-,14155047c 08 

•180693«0E 

10 

•t53I 36946E 06 

••93136946E 06 

-.80999280E 09 

. 34913461 E 05 

-,12665436c 06 

.18091477E 

10 

-,41734669E 06 

-.41734684E 06 

-,80999280c 09 

,21337435C 05 

.,10465407c 08 

,l a 111246E 

10 

-,32010 7 15E 0 6 

-, 32010719 c 06 

-•8®99928®E O 9 

.12676404C 05 

-.64077567C O 7 

,1841 9 176E 

10 

-,245930 9 7E 06 

..Z4593097E 06 

-.82365720C 09 

.74767009E 04 

-,67637481c 07 

, 1 872447® c 

10 

• , 1 88 1 9546c 06 

-,l8el9346E 06 

-, 83612160c O 9 

.43794343E 04 

•,32933093c 07 

.19320184E 

.19914237E 

10 

10 

-,1«376459E 06 
-,10973778E 06 

— ,l4j76459E 06 
..10973778E 06 

-,86 2 25o4oE 0 ® 
-,86837920c 09 
•, 9 l 450600 C O 9 
-,95370120E 09 

.25556628C o« 
f 14696596C 04 
;84l3074 9 E 03 

41565965 c 07 
-,32545495C 07 

,20 5 0 T 300E 

10 

-.e 24854 *ZE O 5 
-.62916702E 05 

••82483482c 0 ; 

-, 24971040 c O 7 

,Z1392239E 

10 

-,629l6702E 03 

.46947625C 03 

-, 19278124 c 07 

, l 9 63 a 5 9 7c 

10 

-.♦ 78 3 9 fl 45 c 05 

-.♦78 3 9«45 e 05 

-,87531480c O 9 

,26299531c 03 

-,14746616c 07 

, 1 9642 1 27E 

10 

-.36367696E 05 

., 36367696E 03 

-, 87531480 c O 9 

.16354274E 03 

-,11266670c 67 

, 1 9644674E 

10 

-,28032166E 05 

-,280321661 05 

-,87331480c 09 

f 97165713 c 02 

-, 67617561c 06 

.1964662’E 

,1 9 647980E 

10 

10 

••21605662E 0; 
-,17142157E 03 

-•21609662E 03 
-, 17141137C 03 

-.67531460E 09 
.,87531480E 09 

.57721136E 02 
,363 3 5460E 02 

•• 68 2 90745E 06 
-,S4S49006C 06 

. 1 9 648963E 
, 1 3784 144E 

10 

-.13876221E 05 

-,13876221c 05 

-.87531480E O 9 

,23e<*9°54C 02 

.,443l4097C 06 

10 

-,11311407c 05 

-,11311407c 05 

-,61462660c 09 

.15620965C 02 

-,36161013c 06 

, 1 554431 8 E 

10 

-, 92231713c 04 

92231719c 04 

-, 69241320 c 09 

f 1051 6657C 02 

-,29367359c 06 

•17304501E 

10 

-.7523 2 5 2 7E 04 

-,7323t327E 0 * 

-,77o79960E 09 

,69965974c ol 

-.2M79262C 06 

, 1 9064685E 

10 

-,6l3363l9E 04 

..61336319E 04 

., 64916600C 09 

,46519814c 01 
•31396950E 01 

-,19731903c 06 

.20824849E 

10 

-.50389944E 04 

-.90389944E 04 

••92757240E 09 

•• 16205923E 06 
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Table D5. Numerical H Matrix (Continued) 


h 10, 5 


h 10, 7 

h 10. 8 

h 10, 9 

h 10, 11 

h 10, 14 

.O 0 OOOOOOE. 

• SO 

.ooooooooE.eo 

.ooooooooE-en 

.ooooooooE.eo 

.OOOOOOOOE.SO 

•ooooooooE.eo 

..2**996^83E 

07 

,639350952 05 

..56126338E 02 

..196641602 02 

..63112641E 05 

.OOOOOOOOE.SO 

-,«7649«89e 

07 

,25083140 E 06 

.,203939352 03 

.,714512322 02 

.,247862952 06 

,000000002*80 

..72«209l5E 

07 

.36857769E 06 

-. *7l 0o339E 03 

..16319371E 03 

..56166846E 36 

.OOOOOOOOE.SO 

..96250823E 

07 

.10791839E 07 

..84116610E 03 

..29470700E 03 

..10668378E 07 

,000000002.80 

-.117300312 

08 

.171 89$67E O 7 

..1277B535E 0* 

..44770276E 03 

..17002315E 07 

.000O0000E.60 

..1339S120E 

08 

.24768379E 07 

-, 17097004E 04 

.,399602602 03 

..24317846E 07 

,000000002*80 

«• 1 3666911 £ 

08 

,31220650 E O 7 

.,184134332 04 

..643l9454 E 03 

.,309507972 07 

,oooooooo E .eo 

..12251528E 

08 

.34187890E 07 

.,155446092 04 

.,544613602 03 

..33960105E 07 

, ooooooooE.eo 

..13142773E 

08 

,444445272 07 

., 1914501 7E 04 

.,670735822 03 

..44163983E 07 

.oqooooooe.bo 

•.21292358E 

..21718755E 

06 ‘ 

08 

.86243917E O 7 
.10347470E 08 

-.5437101TE 04 
..6176B819E 04 

*. 191 19245E 04 
..21641033E 04 

..83446254E 07 
..10236936E 08 

.OOOOOOOOE.SO 

.ooooooooE.eo 

.,1 9 751369E 

08 

.IO 97 O 69 IE 0e 

..534883252 04 

..19440629E 04 

..10889360E 08 

.ooooooooE.eo 

-.173706322 

08 

.11271370E 08 

.,470732862 04 

., 16492375E 04 

..U202590E 08 

.OOOOOOOOE.BO 

-,U561728E 

oe 

,111641 9 72 08 

-,37039713 E 04 

.,129770612 04 

., 1 1 IO 992 OE 08 

,000000002*60 

-• 11*8q281E 
..63854036E 

OB 

07 

,1q5o7697E 08 
.92376326E 67 

-.28294271E g4 
.,161695802 04 

•.91948195C o3 
.,567210332 03 

..10469248E 08 
..92139092E 07 

•OOOOOOOOE.SO 

,000060002.80 

•»5 9 460305E 

07 

.79307384E O 7 

..95242782E 03 

•.33366814E 03 

..79167619E 07 

.OOOOOOOOE.SO 

..42015671E 

07 

.681 1 80 7 7 E 07 

.,56217015e 03 

., 19695929E 03 

..66035699E 07 

•OOOOOOOOE.BO 

•>293838822 

07 

,381304742 07 

.,329199852 03 

..115336912 03 

.,580822342 07 

.000000002-80 

•.202792J9E 

07 

.49367313E 07 

., 19210787E 03 

..673*601 1C 02 

..49339363E 07 

•OOOOOOOOE.SO 

.,136772642 

07 

.41747739E 07 

.,111931862 03 

• . 3921 39 I 9C 02 

.,417313372 07 
•;3463408lE 07 
,,29033796E 07 

,000060002.60 

• . 69768669E 
.,616634452 

06 

06 

.34643340E 07 
,290611902 07 

• . 63240636E 02 
.,367936612 02 

••221566992 02 
..12890861E 02 

•OOOOOOOOE.SO 

.ooooooooe.oo 

.,4 4 036l43E 

06 

.241 47797E O 7 

..Z1272614E 02 

•.T4529731E 01 

•.24144679E 07 

,600000002.80 

30804377E 

06 

.19930033E 07 

., 12293425E 02 

.,43070666E 01 

..19928251C 07 

,000000002.80 

..203040122 

06 

,165e386*E 07 

.,730309732 01 

.,255695912 01 

•.16364815E 07 

,000000002*00 

• > 1 2895121E 

06 

,137347392 o7 

.,433686852 nl 

..1526M56E Ol 

.,13734l 0 3E 07 

.OOOOOOOOE.SO 

.,e0 9 45828E 

05 

,1163799lE 07 

.,273131802 01 

..956931T6E 00 

..11657591E 07 

.OOOOOOOOE.SO 

-•53829722E 

05 

.10057188E 07 

-.1789T145E 01 

-•62763597E 00 

.. 10036923E 07 

.OOOOOOOOE.SO 

••38831366E 

05 

.87073074E 06 

..116925392 01 

-.416661402 00 

•;67071332E 06 

•OOOOOOOOE.BO 

.,247712032 

05 

,751757672 06 

..790682082 00 

-.277619662 00 

..75174608E 06 

,000000002*60 

..103383642 

05 

,647434302 06 

.,326081012 00 

..164315272 00 

..64742659C 06 

•OOOOOOOOE.SO 

-,46621641 E 

03 

,555965512 06 

.,349687002 00 

.,122314722 00 

■.53596039E 06 

,000000002.80 

..38276273E 

04 

.4792Q963E 06 

..236089262 00 

..82667102E.01 

«.4792o6i7E 0 * 

.OOOOOOOOE.SO 


l 
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Table D5. Numerical H Matrix (Continued) 


h 10, 15 


h ll, 1 

h ll, 2 

h ll, 3 

h ll, 7 

h ll, 8 

•34678143E 

11 

.21108264E-01 

-« 1033801 IE 01 

, OOOOOOOOE-80 

.ooooooooe.so 

.UOOnOOOOE-80 

.34674958E 

11 

-.24473263E Ol 

-.59423821E 01 

..24541671C-01 

..510U4056E 00 

.30228839E 00 

.350646888 

11 

..304324988 Ol 

..11162192E 02 

-,48440972C*01 

-,79068734c 00 

,46221067c 00 

.36732038E 

11 

..74099595E 01 

.,133560418 02 

-.70266477E-01 

-.10625394E 01 

.61T95283E 00 

, 40029596 c 

11 

.,962469738 01 

.,229362758 02 

928342 1 2C-0 1 

.,11955603C 01 

,686836188 00 

.41263312E 

11 

-.11880209E 02 

-.Z9124476F 02 

- . 1 090 1 1 8 1 E 00 

-.11416118E 01 

.643318838 00 

.39608985E 

11 

..13316054E 02 

.,294491538 02 

-.12295637E 00 

. .39803743E 00 

,296468868 00 

,3300 6 047E 

11 

., 14994922E 02 

.,316003908 02 

..13284605c 00 

,7Z334l93C 00 

-,53195641c OP 

, 3 l 356684E 

11 

..161136338 02 

-.34793070E 02 

. .14728147C 00 

.26690482E 01 

-,17317932c 01 

.31766396E 

11 

.,170354908 02 

-,370849228 02 

-,17256557c 00 

,298f45Z2C 01 

-,19653585c 01 

.32966951E 

11 

•.167Z2040E 02 

..37792144E 02 

-.23558290E 00 

-.25730127E 01 

.145612528 01 

.3Z982839E 

11 

.,15500905E 02 

..36174549E 02 

-.24496966E 00 

..33266Z37E 01 

,191935018 01 

.Z886067°E 

11 

..1338U3ZE 02 

.,326363928 0? 

..2203gl43E 00 

• ,27 373 O 75 E 01 

.1S677969E 01 

, 2638s*98E 

11 

.,107747b0e 02 

..27941387E 02 

., 1 9261 133E 00 

-,2l4l990lE 01 

,12144594c 01 

•Z5978848E 

11 

.,813736688 Ol 

..237108008 02 

-.169329378 00 

-.160263608 01 

,89302080c 00 

.25570290E 

11 

..60995182E 01 

.,200573628 02 

., 14625B60C 00 

.,111486058 01 

,602535628 00 

.Z5375099E 

11 

..44974369E 01 

.,16175332c 02 

.,12084013c 00 

-.7Z349912E 00 

,37384391c 00 

.Z5579401E 

11 

-.32472966E Ol 

•.1Z944918C 02 

-.939795 19E-01 

-.44730238E 00 

,220494962 00 

.23995A14E 

11 

.,233178798 01 

..10Z335Z5E 02 

.,728199138.01 

-, 27263B39E 00 

.12482536E 00 

.Z6410832C 

11 

. , 1 627929 OE 01 

..82782229E 01 

-.56791065E-01 

*. 1 3Z99896C 00 

.60237997C-01 

,2723s493E 

11 

..95812497E 00 

..66116124C 01 

..42666192E-01 

..11012173E 00 

, 42Z56607E-01 

,2806?776 t 

11 

-.393538648 00 

-,52780701c 01 

-,3l727227 E -01 

-,73053037E-01 

,259276928-01 

.2889>839E 
,301 32417E 

11 

,,48o 64444E n 0 
..27639259E 00 

-.4131O610E 01 
.,31962805c 01 

— 23032195E-01 
. .161913198-01 

-,3l894i9oE*01 

-.552Z3944E.01 

,16io4592C-01 

,244070928-01 

•Z7696787E 

11 

. , 10200921 E 00 

.,23056190c 01 

-.11296587E-01 

• . 4629386 1 E.O 1 

.Z1864350C-01 

.27697555E 

11 

.,821434398.03 

.,16827302c 01 

.,785067718-02 

..38837622E.01 

, 19346373C-01 

.276981098 

11 

. 609511678*01 

..12660308c 01 

•,5473899lc*02 

-.34462268E-01 

.160867678-01 

.Z7638333E 

11 

,993020368.01 

-,91627970c 00 

. ,381730408*02 

..29439622E.01 

,159602448-01 

.27638829E 

11 

.11612408E 00 

.,60054369c 00 

-, 266591878*02 

..34483227E.01 

,196273168-01 

• 27699043E 

11 

.13085282E 00 

-.32454009C 00 

-.199777508-02 

-.31440012E.01 

•18343736E-01 

,194027308 

11 

.14870042E 00 

.,33480092c. 01 

.,14251344E*02 

-.33510407E.01 

,199840758-01 

•Z1879703E 

11 

. 15375 1 1 3E 00 

,2l3243g9C 00 

-.99373358E-03 

..34640542E.O1 

,209572648-01 

,243968378 

11 

,13290l62£ 00 

, 45606849c 00 

-,7 1629659E-03 

.,313449492.01 

,190713308-01 

,26833891 E 

11 

.1438984BE 00 

,71563497c 00 

-,40730980£*03 

.,336*51238-01 

,219372938*01 

«293lo94lE 

11 

.1 4 063224E 00 

,1040T203E 01 

«.20843249C*03 

-.362»9096E-01 

.2244i355E-01 
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Table D5. Numerical H Matrix (Continued) 


h n. 9 

.OOOOOOOOE-80 
.1R321050E 00 
,2b005569€ 00 
,374320132 00 
,41588990c 00 
•3B92B11BE 00 

• 1 7861219E 00 
-,32422?57E 00 
-.10645365E 01 
.. 1 l944993 E 01 

.B8130461E 00 
.11623039E 01 
.9«912*20E 00 
.73491935E 00 
,3400 # 55BE 00 
.36406627E 00 
.2Z6B1507E 00 
.13282789E 00 
.74993098E.01 
.3; 9 69B9 3 E«01 
.2519B933E.01 
.1539B13BE.01 

,1 0 7374q2E.01 
.146273332.01 
.13132924E.01 
.1 1640572E.01 

• 10901603^*01 
.96420744E.02 
, 1 19B9992e,0 1 
•11Q98501E.01 
■ 1 2101 198E.01 
a 1 2697324E-0 1 
, 11557302c. 01 
, 13300320^.01 
.13609308E-01 


n ll, 10 

.OOOOOOOOE-SO 
-.24538522E 01 
-.5052252BE 01 
-.76048219E 01 
..10064069E 02 
-.12363045E 02 
. , 1 40020 1 IE 02 
.. 1546628*2 02 
..1658*5e3E 02 
..17534209E 02 
-.17234640E 02 
..16029739E 02 

-.139165192 02 
..11313301E 02 
••86898O79E 01 
.,66l8633BE 01 
49983617c 01 
••37258325E 01 
..27660709E 01 
.,2057l0lTE 01 
.,13638372 e 01 
.,9769875*2 00 
-,639i65*2E qo 
.,609343o5e 00 
••39606l66t 00 
..27564379E 00 

..21333765E 00 
.,172087 9 6E 00 
.,139816952 00 
•» 10863838 E 00 
,,77660529E.0l 
-,57699°35E»01 
.,467464362-01 
-.389*18162-01 
32 49665 1 E«0 1 


h ll, 14 

• • 5670 788 IE 0? 
-.56467892E 02 
..56364238E 02 
. .5635*1602 02 
.,562352762 02 
. ,563894852 02 
..56773958E 02 
-,57370s20E 02 
..5778U365E 02 
..580796452 02 
.,3831t)0B9E 0? 
.,585896602 02 
-.59107448F 02 
..5934Z227E 02 
..59357189E 02 
.,592592612 02 
.,590554122 02 
-.58753776E 02 
.,56369689E 02 
.,976957402 02 
..57089946E 02 
-.562943412 02 
-,5568B3j5E 02 
.,538390912 02 
., 4844269 IE 02 
.,4;21s203E 02 
•.419680992 02 
., 3878 J751E 02 
.,355924172 02 
•.32414014E 02 
..27689278E 02 
..249S9644E 02 
..211398632 02 
.,171806072 02 
., 12747353E 02 


h ll, 15 

-.7016847 IE 02 
-.70779071E 02 
-,72399*66E 02 
-.82219747E 02 
-,985965692 02 
..99872600E 02 
..87752347E 02 
*.65 9 26869E 02 
.,64 9 20072E 02 
-.698433 9 42 02 
-.73942175E 02 
., 743915832 02 
-.65478569E 02 
-.54489170E 02 
..51633803E 02 
..46735961E 02 
.,556*99362 02 
-.51224699E 02 
.,5*597623E 02 
..982446 9 0e 02 
•,6*6526222 02 
-.69278*612 02 
.,7657;64oE 02 
..84388381E 02 
— 48857225E 02 
..90070526E 02 
..5l58l710 E 02 
.;53368782E 02 
.,*92721662 02 
..4«744052E 02 
-,67262520E 02 
-,693703 9 7E 02 
-,666*8070E 02 
..6*2467472 02 
•,65315780c 02 


h ll, 16 

.ooooooooE.ao 

20274681 E 00 
..86355874E 00 
..20059624C 01 
. .36437696E 01 
».577ib7i4C 01 
..83655495E 01 
«. 1 1344936E 02 
■.14537028E 02 
..16S91010C 02 
•.18061424E 02 
a, 17465044C 02 
«. 15780712E 02 
•.12439573C 02 
■.88933631E 01 
..73776230C 01 
..61362710C 01 

«.52287620E 01 
,.45507419E 01 
a .3909384 9 E 01 
..33163417E 01 
., 277*44742 01 
■.2Z999675E 0 1 
..18261597C 01 
*.1*4652372 01 

•,11315072c 01 

•.882765102 00 
•.690B2719E 00 
,,54359725E 00 
•.43923862E 00 
34609032C 00 

•.27494301c 00 

•,21B5217BC 00 

..17105160c 00 

.. 13629460C 00 


h 12, 1 

..78772259E-03 
,273486772 00 
.113790032 01 
.23446278C 01 
, 41311156C 01 
.63676139C 01 
.80639602C 01 
,989289332 01 
, 1 15031 15E 02 
,12913960c 02 
, 12566100C 02 
,10893002c 02 
.82073356C 01 
,539092542 01 
,31404612c 01 
.18013759C 01 
,99599907c 00 
,5288851 4E 00 
,277376102 00 
,13685722c 00 
,39639647E.01 
,92029047c-02 
,9294i474C-B2 
.27671616C-03 
.,3 9 l72l42C-8E 
.,425220142-02 
.,3822378*2-02 
.,303215232.02 
..Z0578238E.02 
-,12385630E«02 
.,51066*942.03 
, 1587268 1 E-03 
,681136922*03 
.110313192-02 
.15885386E-02 
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Table D5. Numerical H Matrix (Continued) 


h 12, 2 


h 12, 3 

h 12, 4 


h 12, 5 

h 12, 7 

h 12, 8 


.14739415E-01 

.OOOOOOOOE-So 

• 000000O0E' 

■80 

.00000000E-80 

.OOOOOOOOE.80 

.QOOOOOOOE- 

80 

.81503034E 

00 

.17327777E.02 

..99998678E. 

• 02 

..78944221E 00 

.48234282E 00 

,80384633C. 

01 

,2 9 5348°3E 

01 

t72689733E-02 

.,159 2 «296E 

.01 

-.15582647C 01 

, 15259295c 01 

,26032222c 

00 

,466746402 

Oi 

,15074394E.0l 

., 7O077721E' 

• 01 

•,22993861c 01 

, 3 1 OO4O45E 01 

,574466472 

00 

,U672693e 

02 

,26543935 E .01 

..31094385E 

00 

29702452c 01 

,48325713c 01 

,84432411c 

00 

.1829788JE 

02 

.37880274E-01 

-,6364 1 7uE 

00 

-.34486797E 01 

.59Z96656E oi 

*103l234oC 

01 

, 1 97 J98O6E 

02 

,4817058lE-0l 

..94794093E 

00 

. .38402394C 01 

.37787367E 01 

.59852010E 

00 

•22799426E 

02 

,597Ol001E»0l 

-.1275Z613E 

01 

••40789528E 01 

-.55977109E 01 

••15408600C 

01 

.26969872E 

02 

.79268027E-01 

.,172645782 

01 

. .44123414C 01 

..242680832 02 

•,60202680c 

01 

,3n0 9 7l7lE 

02 

,10080120 C 00 

.,24177630 E 

01 

..49972838C <M 

..31561223E 02 

.,81072868c 

01 

.30358035E 

02 

.12685297E 00 

..38184388E 

01 

..65464665E 01 

.306986982 02 

,67734062c 

01 

,27U4730e 

02 

,12436730e 00 

..44169279E 

01 

-.65265437E 01 

.4429522SC 02 

,10434245c 

02 

.21500477E 

02 

.9650761 IE-01 

-.43040792E 

01 

..56336785E 01 

.40331837C 02 

*080313402 

01 

,15286653c 

02 

,686338892.01 

.,40361713c 

01 

..47014395C 01 

.34848330E 02 

,667669902 

01 

,1052 7 I78E 

02 

,4823fcOl6E-0l 

..38014005E 

01 

••39l*6l64E 01 

. 266S2791E 02 

.T2412468C 

01 

.72037464E 

01 

.34238523E.01 

..35338124E 

01 

., 32031391C 01 

,22340590c 02 

, S5016671C 

01 

,4511 6698E 

01 

, 2 1 874448e«0 1 

.,30339033? 01 

.,24279406c 01 

,16158975c 02 

,38440675c 

01 

.27738996E 

01 

* l29l8l25E*01 

..24684139E 

01 

17456014c oi 

« 1 1 1 48762E q2 

,25o2S8S2C 

01 

.18713049E 

01 

,75606024e.02 

..19B49730E 

01 

.,12440796c 01 

,758103946 01 

,155100172 

01 

• 1041 3845E 

01 

•44442827E.02 

-.15973670E 

01 

-.88669773C 00 

.473T3800E 01 

.76609272C 

00 

.61935284E 

00 

,22831 151E.02 

., 12339871E 

01 

.,60104298c 00 

,37671461C 01 

,60614685c 

00 

.37456896E 

00 

,1201969^.02 

.,94099096c 

on 

.,39543504c 00 

,278l6999C 01 

, 39433184c 

00 

.22604227E 

00 

.67213256E-03 

.,69786498c 

00 

. .25087625E 00 

.21809213C 01 

,29960336C 

00 

,|Z984802£ 

00 

,30898492£.03 

.,49611391c 

00 

.,15868799c 00 

,2S322030C 01 

,49885678c 

00 

•6J613522C. 

2* 

.12606666E-03 

f 48800285E.04 

• .34821691 C 

0Q 

..10398406C 00 

.23375047E 01 

•S0012004C 

00 

,33653683E. 

,01 

.,24364480c 

0O 

..66497261E.01 

,21288080C 01 

,46916509E 

00 

• 1 7620688E« 

,01 

.16785021E.04 

., 1714b31tE 

00 

-,4003b609E.01 

.20393335E 01 

.502S3101C 

00 

.81597399E. 

,02 

,415280262.05 

..1206T072C 

00 

.,22783l93E«01 

,16716506C 01 

,46212093c 

00 

*2b 867*53 e . 

,02 

«»8793307l £ .06 

-.8 4 833677c-01 

«, 12588S56£*01 

,23452473c 01 

,65405919c 

00 

,3633 0 275E. 

-03 

•, j7666l20E.05 
,,17021445 e.05 

.,63799440E 

-01 

.,77499248E«0 2 

.2276736jC 01 

,648l35oiC 

00 

.41322737E. 

,03 

. .45584786C 

.01 

.,48923991c. 02 

.25T95166C 01 

, 75609737C 

00 

.35550339E. 

.03 

..53351187E-06 
,779471 S2e.06 

•,31b5T446E 

-01 

. *266696152. 02 

. 202397592 01 

.04403870C 

00 

.23277425E. 

,02 

.,23021323E 

• 01 

.,10052727C.02 

.26972791C 01 

.81263409C 

00 

>970l4l26£. 

,02 

,2739599 2 C»°5 

.,13103120c 

•01 

«.30959453£-04 

,323*829lC 01 

,98911310c 

00 

.11786607E. 

,01 

.47908120E.09 

..67034036C 

• 02 

-, 158325612*03 

.34478212C 01 

,106401092 

01 
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Table D5. Numerical H Matrix (Continued) 


h 12, 9 


h 12, 10 

h 12, 11 


h 12, 13 


h 12, 14 


h 12, 15 


• 00000000E. 

• SO 

•OOOOOOOOE.80 

,ooooooonc< 

»6n 

>oooeooooc< 

»8o 

.17921903E 

04 

.22188452C 

04 

..26004B82C 

00 

.42694386E 01 

..300995B8E 

00 

..39946931E 

01 

,179068322 

04 

.22509089C 

04 

•.(U4„i5E 

00 

,l8°6557ZE 02 

..9644 9 312r 

00 

•.16945258E 

02 

. I7937Z66E 

04 

.23161397C 

04 

-.16575094E 

01 

.41788120E 02 

..20022871C 

01 

. ,393662612 

02 

,179863726 

04 

.26369469C 

04 

..25«81000 e 

01 

,75958499c 02 

., 31022519c 

01 

..71538737c 

02 

.18015445C 

04 

,30588414c 

04 

-,3 0 776976C 

01 

,12o38626C 03 

-,38453217c 

ol 

..U363052C 

03 

.18124360E 

04 

, 32476806c 

04 

..17531392E 

01 

, 16888251c 03 

.,25759489E 

01 

.,16044076c 

03 

, 18281 686C 

04 

,28686601c 

04 

.37500179E 

01 

,22583152c O3 

,344825392 

01 

-.2l556°30E 

03 

.18509604E 

04 

.21583145C 

04 

• U705051E 

02 

.2B795405E 03 

.15682588E 

02 

.,27684873C 

03 

.18672S16E 

04 

,21308583c 

04 

.l 9 2l8534 E 

02 

,35535447c 03 

,Z0550777r 

02 

..34200194c 

03 

.16793556C 

04 

,22947895c 

04 

..16280913E 

02 

.39826067E 03 

..21064338E 

02 

..38524892E 

03 

, 166680971 

04 

,242580912 

04 

.,24014998c 

02 

,41557924c 03 

.,30590105c 

02 

., 40426145c 

03 

.18927367E 

04 

, 24340349c 

04 

-.21 8074T0E 

22 

,401 1T028E 03 
,36266795E 03 

-.28230994E 

.,247l8470E 

02 

-.39318542E 

03 

.1904226BE 

04 

•21340359C 

04 

-.18737925E 

02 

02 

. .35696247C 

03 

,19051601c 

04 

.17682838C 

04 

-• l*(324g56E 

02 

,30 9 21 S9 0C 03 

«,2075*946E 

02 

•,30s82l89E 

03 

,l89900 8 OE 

04 

.1667568ZC 

04 

1 153 9 33BE 

02 

,2633 9 2b6C 03 

..1626B680E 

02 

•,26138544c 

03 

,l6906466C 

04 

.15038336C 

04 

••80910112c 

01 

,22233650c 03 

.,U 9 30157 E 

02 

..22118508c 

03 

,18797880c 

04 

,17817077c 

04 

..52908864C 

01 

, 1B534044C 03 

..B3475429C 

01 

. .18469621C 

03 

,186673862 

04 

,16359683c 

04 

., 3356 9 1 16c 

01 

,15373805c 03 

.,57679688C 

01 

.,15337984c 

03 

.18519389E 

04 

,16727607c 

04 

::i;kjb5S 

0°1 

•12?45315E 03 
.93903155E 02 

..3699B947C 

.,29699453C 

01 

01 

-.12725395E 

..93B17861E 

03 

02 

.l827fl055C 
, 18000220C 

04 

04 

•18519222C 

.205227B0C 

04 

04 

••970 9 1 99 6E 

00 

• 745U663E 02 

.,22O3 9 0 9 8E 

01 

••74469166E 

02 

.17812847C 

04 

,2l967689C 

04 

-,74 9 70440C 

00 

.7065T404C 02 

-,1730148lE 

01 

. .70624450C 

02 

.176162B6C 

04 

.24261068C 

04 

-,10 9 60799c 

01 

,56420805c 02 

.,19546749c 

01 

.,56494022c 

02 

,17024998c 

04 

,26693141c 

04 

-,i n 69637«C 

2} 

,4 0 274749E o? 

.,l76787o3C 

01 

•,4o2683o8C 

02 

•1»31363 0 E 

04 

,15464i36C 

04 

..10250707C 

01 

,3029947lC 02 

..1592B537C 

01 

.,30296884c 

02 

.14291296C 

04 

,15839818c 

04 

*• 10321B32E 

01 

,253000 9 7E 02 
,2l926655E 02 

••15096645C 

01 

• .25298970C 

02 

,1326225)2 

04 

.16312425E 

04 

.,97838«28E 

00 

..13753831C 

01 

..21926261E 

02 

.12254718E 

04 

,16673049E 

04 

..12946552c 

01 

,l905 8 32lc 02 

., 17046522c 

01 

..19058315c 

02 

,11245564c 

04 

,15574463c 

04 

., 1 2755854C 

01 

.15784571C 02 

..16512674C 

01 

•,15764762c 

02 

;10240686C 

04 

,154042752 

04 

.,14741814c 

01 

,12012830c 02 

.,iS6l4343c 

01 

.,12013160c 

02 

,87460862c 

03 

,21253539C 

04 

•» 16356555E 

01 

.94259270E 01 

..20323797E 

01 

. .94262899C 

01 

.T7582573E 

03 

• 2 19 1 6302C 

04 

..15710850E 

01 

,80595244c 01 

.,19368274c 

01 

.,60598860c 

01 

;6677759SC 

03 

.216849Z6C 

04 

..1 9 0213 9 3E 

01 

.70745722E 01 

.,23176001c 

01 

..70749321c 

01 

, 5427021 9 C 

03 

.20291087C 

04 

..204C8602C 

01 

.61940159E 01 

.,24709672c 

01 

•,61943892c 

01 

.40266325C 

03 

,20624393c 

04 
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Table D5. Numerical H Matrix (Continued) 


h 12, 16 


h 13, 3 

•OOOOOOOOC^CO 

.000000002*60 

,205209122 

01 

,»09l4396c.0l 

.88473201C 

01 

.16664929E 00 

.20725296E 

02 

.279757212 00 

.30l7 9 l5OE 

02 

,3677929°E 00 

,611*08232 

02 

.44828540E 00 

,68994973c 

02 

,51792843c 00 

•l2l 3 23l8E 

03 

,5734616*E 00 

,156255262 

03 

,612463152 00 

.1822262*2 

03 

•629990512 00 

.19470141E 

03 

.623126832 00 

,187325382 

03 

,59647065c 00 

, 167779182 

03 

,555283922 00 

, 130812072 

03 

,502056052 00 

.920722782 

02 

, 43669666E 00 

,760773182 

02 

.36319422C 00 

,628167222 

02 

.285832212 00 

,532l*003E 

02 

.21970163E 00 

,46107665c 

02 

,167620482 00 

,394 7 6084E 

02 

.127642532 00 

,333823482 

02 

,966616982.01 

,2707*1112 

02 

,728211752*01 

,226839072 

02 

,543300242*01 

,18300054c 

02 

.403913092*01 

.1*Sq6677E 

0* 

,29929n 0 4E*Ol 

,11324212c 

02 

,22160232e*01 

.663095642 

01 

.165197982*01 

.69086673E 

01 

,124159612*01 

.543507502 

01 

.943456902*02 

.435000032 

01 

,732637032.0? 

,34788956c 

01 

,57630l60c*O2 

.27*739862 

01 

,454242222*02 

,218331732 

01 

,358816752.02 

.170604262 
, 1 3613701E 

01 

,28479775E*02 

01 

,226409262.02 


h 13, 7 h 13, 8 

.000UO000F-60 .00080000E-80 
,1001427l E 00 .,68339890c*02 
,2056*5522 00 • . 14 0453662*0 1 
,308l5*10E 00 .,210292072.01 
.4O5IZ59 OE 00 *.276<6805E«01 
,»9378883e 00 -.336973662*01 
,57059101c 0(i *, 3893241 7c»01 
,63i693l8E 00 ••*3l|83z*E«01 
,67*63153E 0* *603s5**E.0l 
•6939J801E 00 -.473560662*01 
•68637763E 00 .,468*01272*01 
,65701570c 0O - , 4*e36396c-0 1 
,61164829c 00 ..41740410E-01 
,5530197lE 00 .,377394492.01 
.48124650E 00 *.32841465E*01 
.40006043E 00 . ,27301 125E-01 
,31488575c 00 ..21485862E-01 
, 24200277E 00 ., 16514875E-01 
,18485519c 00 .,126l498lE"01 
,I403*895E 00 -.959482402*02 
,Io671572E 00 .,72825480E*02 
.802U924E-01 -.54739307E-02 
, 59844821c. 01 .,408396032*02 
,4449l249 E -01 -,30361942c-02 
, 32966962E-Q 1 .,22*974802*02 
,244316482.01 ., 166727682*02 

.18196640E-O1 -.124176482-02 
.13676250E.01 .,933301522*03 
,103922302*01 -,709l9l76C*03 
,8072240lE*02 .,55086987C*03 
,63466356c*02 *,43324815c*03 
,5oo3»03iE*o ? -,34i45i57E*o3 
,39524003c. 02 ,,26972223E*03 
.313706282*02 *.2l4l8l02C*03 
.24939105E. 02 ., 17019069E-03 


h 13. 9 h 14, 3 

.000000002.80 ,00000000c*80 

.,23943243c. 02 .,87356*682*03 

*.492086842.02 *.34223231C*02 

..73676942C.02 .,779117122*02 

*.9686204 6 E.02 • , 1 368 1 1 7 1 2*0 1 

. , 118060582*01 .,205529512*01 

*,136401792*01 ., 274668472*01 

*.1510323o2-ol *.315638212*01 

,,161298482.01 .,309705502.01 

• .165914492*01 -.353541942*01 

*,164106872.01 .,590386652*01 

*.157068692*01 *,601246802*01 

..146239742.01 *,530511692*01 

.,132222162.01 .,4*17944*2.01 

<*.1 19<>6 la2E*01 *.341030942*01 

..956509382.02 .,23863560c.01 

*,75276857c* 02 -,l*750543 t -01 

*.576607402.02 .,869618462*02 

*,441972532*02 .,510336002*02 

*.336159752*02 -.297032702*02 

.,2531*7932.02 .,172223882.02 

,;l9lr620i2.02 *,986128662*03 

*,143083722.02 .,554136962*03 

*.10637*672*02 *,3l423430e*03 

.,786211142.03 .,1770*4222*03 

,564139262.03 .,997428072*04 

•.435065892*03 *.572612872*04 

q, 326967132.03 .,331701662.04 

•.2*8409092.03 *,199960322*04 

*.193000182*03 .,125741412*04 

*,131790762*03 *,606141792*05 

*.119629372.03 ., 3i8045o22*03 

,,9*4986132.04 .,3337955lE.05 

*.750044202.04 *.216000812*05 

.,596272112.04 .,141071012*05 
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Table D5. Numerical H Matrix (Concluded) 


h 14, 4 


h 14. 5 

h 14, 7 


h 14, 8 

h 

14, 9 

h 

14, 11 


.OOOOOOOOE. 

• 80 

•OOOOOOOOE-80 

• OOOOOOOOE< 

-an 

.00080000E-80 

•OOOOOOOOE. 80 

•000"0000c. 

.80 

,37Q44420 E . 

• 01 

,292*481 5 E 01 

. 8229*>397 E .01 

, 82807761 E-02 

.84396863E.02 

,64702370 E -01 

.6i408674E< 

.01 

.60106278E 01 

-•34816711E 

00 

•35o429l8E«01 

•33729310E.01 

•Z7397256E 

00 

.Z7900570E 

00 

.89954636E 01 

..80441462E 

00 

.8O968276E-01 

.829601092.01 

.63309906E 

00 

,l23lg03lE 

01 

•*l76759 1 E 02 

14918038E 

01 

,146*4490 E 00 

.149V37432 00 

,ll42g403E 

01 

,261711342 

01 

.14181883E 02 

..22869196E 

01 

•23024691E 00 

.23489476E 00 

.18012610 E 

01 

,?9930063 E 

01 

• 161 7621 9 E 02 

-.329l8l97 E 

01 

.33l47697 E 00 

,3382l827 E 00 

,29944976r 01 

.55051617E 

01 

.17608386E 02 

-.4427*2692 

01 

,446«3044 E 00 

.49937484E 00 

,3494237*7 

01 

, 7 1 789788E 

01 

,l834e5l7 E 02 

_,56364151 E 

01 

,968l8929 E 00 

.58099696E 00 

,44967023 E 

01 

« 88266029E 

01 

•18243740E 02 

-.67917088E 

01 

•68471684E 00 

,699729672 00 

.93T19121E 

01 

. 10099933E 

oz 

.17313688E 02 

-•77191606T 

01 

•777338B7E 00 

.79362494E 00 

,60B8998l E 

01 

.1°75467°E 

02 

,1$69*322 E 02 

-.83328919E 

01 

•83948922E 00 

,837<>4029E 00 

.65762373E 

01 

,10844770 E 

02 

.14194894E 02 

.,86767840E 

01 

.874681 16E 00 

.89349418E 00 

.6B973975E 

01 

,10520629 E 

02 

, 12254708 E 02 

87941 388 E 

01 

,88261249 E 00 

,902029722 00 

,69293l72 E 

01 

.97966836E 

21 

•10078147E 02 

-,85o72U8E 

01 

,898«333oE 00 

,87736o34E 00 

.07377138E 

01 

.86369026E 

of 

.78468407E 01 

..79084299E 

01 

.79792489E 00 

.816293732 00 

,627»3437E 

01 

. 7 lg l 23$3E 

01 

•57429895E 01 

-.6967*0542 

01 

•7°3l863lE 00 

,7*969246E OO 

.59299761E 

01 

,57705663 E 

01 

,4080989* E- 01 

-.99947098E 

01 

•60917843E 00 

.61998664E 00 

.47612485E 

01 

,437*96ll E 

01 

,28671014 £ 01 

-,51l9»97l E 

01 

,91691379 E 00 

. 92933837c 00 

,40682016 E 01 

.35902119E 

01 

, l99292jlE 01 

.,434253742 

01 

.43890833E 00 

.449*17232 00 

.34319419E 

01 

,28010941 E 

01 

,13669989 E 01 

.,36643331 E 

01 

,370*9l73 E 00 

.379044192 00 

,29139149 E 01 

.21596947E 

01 

.90761302E 00 

.,309*4440E 

01 

•30817371E 00 

.31968911E 00 
.26004289E 00 

.242699702 

01 

,16**7467E 

01 

,59127180E 00 

..25133802E 

01 

.29384299E 00 

,19989*07E 

01 

,1237(l84E 

01 

•39586741E 00 

..20999132E 

01 

.20T99410E 00 

,212630el2 00 

.16349140E 

01 

,92256053 E 

00 

,279*93762 00 

..16640314E 

01 

,168.6019c 00 

,172182972 00 

.13236032E 

01 

,6#836079 E 

00 

,18787229 E 00 

-,13388803 e 

01 

,13922926 E 00 

,138942292 00 

,10630092 E 01 

.9j79 2 273E 

00 

•1200333BE 00 

-.107664 0 SE 

01 

.10874342E oo 

.111*00002 00 

.89643138E 

00 

, 3q24g720 E 

00 

.74103412E.01 

,,86939674 E 

00 

,8781 1727E.01 

,899046312.01 

.731346212.01 

.609422132.01 

,691987212 

00 

•30022265E 

00 

.445303442.01 

.28428787E.01 

-.70674964E 

oo 

•71384124E-01 

.962210902 

00 

.Z3403333E 

00 

..98909726E 

00 

•99092922E-01 

,469409992 

00 

.l8435682 E 

00 

,l9786l43 £ .01 

-,48870662 E 

00 

,49361243 E «01 

.909719832-01 

,38B76933 e 00 

• 1 4961997E 

00 

•12199B46E.01 

-,4078*246E 

00 

.411916882-01 

,422021222.01 

,3?442J46f 

00 

,11532210 E 

00 

.90397726E.02 

.,3*0l3304 E 

00 

,34335026 E «01 

.39197806E.01 

,27097887 E 00 

.9i6l9l79E. 

.01 

•21647362E-03 

-.28434891E 

ob 

•207204222-01 

. 29429009E-01 
.249430132.01 

.22620132E 

00 

,726* 5993C. 

.01 

.1719808«C.02 

..23717139E 

00 

,239993072.01 

.18867162E 

00 



Table D6. Numerical D Matrix 


d 82 


d 84 


..Z4639733E 

10 

, OOOOOOOOE- 

.60 

.,246J«»733f 

10 

• ,28999*49? 

05 

..Z4933064E 

10 

-.11388983E 

06 

.,Z6l0t>384E 

10 

.,26726920c 

06 

-.Z845J0Z6P 

10 

-.4902074*2 

06 

.,2933301 6E 

10 

-.781234562 

06 

-,Z6l5y695E 

10 

-.112656362 

07 

-,Z346b4l3E 

10 

-,14221494c 

07 

-,Z2Z9J09Ze 

10 

-,15684233c 

07 

-.Z23864?2E 

10 

-.20292784C 

0T 

..23466413E 

10 

..39261458C 

07 

. , 234684 1 3E 

10 

-,47129400c 

07 

..Z0533U1E 

10 

-.50035306C 

07 

18773130E 

lo 

-,5*474466C 

07 

18479800E 

10 

-.51048658C 

07 

.,18186470c 

10 

-,48184814c 

07 

18l8b470E 

lb 

-.423367312 

07 

..1818647QE 

lo 

-.36376598C 

07 

18479800E 

lo 

-• 31261 531C 

07 

-,18773130e 

lo 

-,26688042c 

07 

.,l935979lE 

10 

-.22670806? 

07 

19946451F 

lo 

-.1917501*2 

07 

.,20533111? 

10 

-,15913916c 

07 

-.21413102E 

10 

-.133507672 

07 

..19653121E 

10 

-. 11094171E 

07 

., 19653121? 

10 

-,91567759c 

06 

.. 19653121E 

10 

-.76205100E 

06 

-.19653121? 

lb 

-, 63106444? 

06 

-.196531212 

10 

-.535651342 

06 

.,19653121? 

lo 

-,46210283c 

06 

13786518E 

10 

-.400081612 

06 

., 1554b4«?8E 

10 

-.34541769C 

06 

-,17306479? 

lo 

-.29748422? 

06 

., I 9 O 6 M 6 OE 

in 

-.25545667C 

06 

.,2r«82b44lE 

10 

..22018909E 

06 


d 10, 2 d 10, 4 


-.346781432 

11 

, OOOOOOOOE' 

>80 

-.34678143? 

11 

-, 63112641? 

05 

., 35090978E 

11 

-,24786295C 

06 

.,367523192 

11 

.,38166846c 

06 

.,400449992 

11 

•• 10668576E 

07 

.,412835042 

11 

-,170023152 

07 

9 , 396321642 

11 

-, 245178462 

07 

•;33Q268032 

11 

•,30930797C 

07 

.,31375463? 

11 

-,33960105c 

07 

-.317882982 

11 

-, 441639632 

07 

O.33026B032 

11 

-,85446254c 

07 

-.330268032 

11 

-.10256996C 

06 

-.288984532 

11 

-,10889380c 

06 

.,26421443c 

11 

-,11202590? 

06 

-.260086082 

11 

-, 11109920C 

06 

.,23595772c 

11 

-,10469240c 

08 

-.253957722 

11 

-.92139092C 

07 

.,253957722 

11 

-,791678192 

07 

•;2600860s2 

11 

-. 680356992 

07 

..26421443C 

11 

. ,58082234c 

07 

-,27257113C 

11 

-,49339365c 

07 

-.28072783C 

11 

•»4l73j337C 

07 

-.28898453C 

11 

-,34634081c 

07 

-.301369582 

11 

-.290557982 

07 

., 276599482 

11 

.,241446792 

07 

-,27659948c 

11 

-.19928251? 

07 

-.27639948C 

11 

-,16584815c 

07 

-,27659948c 

11 

-,13734103c 

07 

-.276599482 

11 

-.U657591C 

07 

., 276399482 

11 

-,10056925c 

07 

-.194032472 

11 

-.87071332? 

06 

. ,218802572 

11 

-.75174608E 

06 

-,24337267c 

11 

-.64742659? 

06 

-.268342782 

11 

-,55596039? 

06 

-.29311288C 

11 

-,47920617? 

06 
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Table D6. Numerical D Matrix (Concluded) 


d 12 J d 12, 2 d I2, 3 d 12, 4 d ]4, 4 


..17919691E 

0* 

..22173237E 04 

,00000000c, 

■ 6^ 

,00000000c. 

.60 

.ooooooooE.eo 

..llSUtME 

04 

-«22366lg6E <>4 

-,2027468 1 E 

01 

-.30094566C 

00 

, 64702370c, 

.01 

• « 1 78 1 0467E 

04 

-,228782322 04 

-.86355874E 

01 

-,96449312c 

00 

.27397256C 

00 

-.>76076a3e 

04 

-,2598144<>e 04 

-,20059624c 

02 

-,20022871c 

01 

.633U9506E 

00 

..17770*m 

04 

298925 1 6E 04 

-.36437696C 

02 

-,3lo225l4C 

01 

,114294o3E 

01 

..17619077E 

04 

31559605E 04 

..5771U714E 

02 

-,38453217c 

01 

, 160 126 IOC 

01 

17940571E 

04 

-,277297«2E O4 

-•63659495E 

02 

-.25759489C 

01 

.2S944576E 

01 

lgl?9l79E 

04 

••20832891C 04 

•ill 344936E 

03 

.34482539C 

01 

.34942574C 

01 


04 

-,20514743c 04 

-,14537026c 

03 

.15682588c 

02 

,44567023c 

01 

..1835I904E 

04 

-,22070513e 04 

-, 16891010C 

03 

.20550777C 

02 

. 537 19 12 1 E 

01 

..lggZgSUf 

04 

-,23365727c 04 

-,18061424c 

03 

-,21064338c 

02 

,6086958lC 

01 

*.l85l4333E 

04 

•»235°7740C 0 4 
20691Z34C 04 

••17463044E 

03 

••30590105E 

02 

•65762373E 

01 

-,18677954c 

04 

-,15780712c 

03 

..28230994E 

02 

,68575975c 

01 

-.lg752U4E 

04 

-.l72leS76C 04 

-,12439573c 

03 

..24718470E 

02 

, 69293172C 

01 

• • 1 8756872c 

04 

-,l63U2eZE 04 

.,B6333631C 

02 

..20750946C 

02 

.673TT136C 

01 

•, 1 872S926E 

04 

-,14768564c 04 

-,73776230c 

02 

-,16266680c 

02 

,62703437e 

01 

• • 16i6i 5 iqE 

• • 1 6966193c 

0« 

-, 1 7583j8gE 04 
161 87005E 04 

-,6i 36u7l0C 

02 

•• 119 30 1 3 7 C 
-,63475429c 

02 

,55295T6iC 

01 

04 

..32267620E 

02 

01 

.47612485C 

01 

•• 1 g444g22E 
..18216054E 

04 

••16592409E O4 

-.45S«»74l9C 

02 

••57675686E 

01 

,4068201 6 C 

01 

04 

-,18405322c 04 

-,39093849c 

02 

-,36990947c 

01 

.34519415E 

01 


04 

••2043022*2 04 

••33163417C 

02 

-•2*6**453E 

01 

.29135149C 

01 

04 

..21891994E 04 

-, 27744474C 

02 

..22039098C 

01 

;24265970E 

01 

,.1759731»E 

04 

-,24196954c 04 

-,22S99673E 

02 

-,l73014elE 

01 

.19969407E 

01 

..1701315SE 

04 

..26641448E 04 

..18261597C 

02 

..19346749E 

01 

.16345140C 

01 

-.J53078»0 E 

04 

-,1543b66 3 E 04 

-,14463237c 

02 

-,17678703c 

01 

,13236032c 

01 

-# 1 4288952E 
-,1326l9l9E 

04 

-•15822286E 0 4 

-.1131 S 072E 

02 

-.13928337C 

01 

.106S0092C 

01 

04 

., 16299820E 04 

.,8&276510E 

0\ 

.,1509664SC 

01 

;S5643136C 

00 

-.12255665E 

04 

••16B64535E O4 

-•69062719C 

0! 

-.137S3831E 

01 

•69l3g721C 

00 

..U247204E 

04 

-,13570003E 04 

-,54359723c 

01 

-,17046522E 

01 

.56221090C 

00 

.. 10242g29E 

04 

..13403121c 04 

-,43323662c 

01 

-,16512674c 

01 

. 46540955c 

00 

..87485479E 

03 

-.21254956C 04 

-,34809032c 

01 

..18614343C 

01 

,36676533c 

00 

-.7760g474E 

03 

..21921046E 04 

-,27494501c 

01 

-,20323797c 

01 

.32442346C 

00 

-•66802029E 

03 

••21692790E 04 

-•21632178E 

01 

-, 19 38627 4E 

01 

.27057867E 

00 

..542907I9E 

03 

-,20301972c 04 

., 17103160E 

01 

..23176001C 

01 

.22620132C 

00 

-,402gl636E 

03 

.,206397862 04 

-,13629460c 

01 

-, 247*9672E 

01 

,l6897l62C 

00 
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Table D7. Ten-Second Gimbal Positions 


Engine 

Flight Coordinates 


X 

y 

z 


ft. 

ft. 

ft. 

1 

-100.54 

-16.0 

- 3.92 

2 

-100.54 

- 8.0 

- 3.92 

3 

-100.54 

0.0 

- 3-92 

4 

-100.54 

+ 8.0 

- 3-92 

5 

-100.54 

+16.0 

- 3.92 

6 

-100.54 

-16.0 

4.08 

7 

-100.54 

- 8.0 

4.08 

8 

-100.54 

0.0 

4.08 

9 

-100.54 

+ 8.0 

4.08 

10 

-100.54 

+16.0 

4.08 

11 

-100.54 

- 8.0 

12.08 

12 

-100.54 

0.0 

12.08 

13 

-100.54 

+ 8.0 

12.08 


x 

cm 


93-46 


x = 194.00 
g 


100.54 ft. 


Z =8.08 
cm 


226 






































ENGINE 

t~sec 
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Table Dll. Heading Covariance Results (Continued) 
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Table D12. Drift (i^q) Covariance Results 
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Table D12. Drift (i^p) Covariance Results (Continued) 
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Table D12. Drift (u 22 £)) Covariance Results (Continued) 
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Table D12. Drift (u 22D ) Covaraiance Results (Concluded) 
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Table D13. Accelerometer Load Relief (u 24D ) Covariance Results 
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Table D13. Accelerometer Load Relief (u 9dn ) Covariance Results 
(Continued) 
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Table D13. Accelerometer Load Relief (u 94n ) Covariance Results 
(Continued) 
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Table D13. Accelerometer Load Relief (u ?4ri ) Covariance Results 
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Table D14 


. Sideslip Load Relief (u 9(Vn ) Covariance Results 
(Concluded) J 
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Table D15 


Heading (u 21D ) Including Rolling Gust Covariance Results 
(Continued) 
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) Including Rolling Gust Covariance Results 
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Table D15. Heading (u 21D ) Including Rolling Gust Covariance Results 
(Concluded) 
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Table D16. Heading with At = 0. 04) Covariance Results 
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Table D16. Heading (u^^ with At = 0. 04)Covariance Results 
(Continued) 
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Table D16. Heading (u 21D with At = 0. 04) Covariance Results 
(Continued) 
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Table D16. Heading (u 21D with At = 0. 04) Covariance Results 
(Concluded) 
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APPENDIX E 

LATERAL EQUATIONS AND DATA FOR NORTH AMERICAN 130G. 


This appendix presents the vehicle equations and data used in Section VII. 


VECTOR REPRESENTATION 

A three-view of the airplane is presented as Figure 70. All data except for 
the rudder aerodynamics and actuator dynamics are taken from ref. 27. 
Honeywell obtained the missing data from North American. 

The state equations are presented in Table E2, and the numerical data for 
them are presented in Table El. The FC (flight conditions) referred to cor- 
respond to those being used by Honeywell Aerospace in the Phase B shuttle 
program. Table E3 identifies the flight conditions used. 


DISCUSSION 


The weights, inertias, and centers of gravity used (Table E3) were obtained 
from North American. 


Stability derivatives except for rudder were obtained from Figures El 
through Ell. The signs of the derivatives for aileron 6 a (differential tail 
deflection) and spoilers are reversed in going to Tables El and E4 to con- 
form to conventional NASA practice. It is noted that both the ailerons and 
spoilers yield proverse yaw. The spoiler data were resolved from stability 
axes as presented in Figures E10 and Ell to body axes in Table E4. Table 
E4 also assumes a spoiler gearing has been provided to yield the linear 
effectiveness between 0 and it/ 2 radians. 


The generic form of the state perturbation equations of Table E2 is: 

p = L ' p + L ' r + Lo/3 + L' 6 + h' 6 + L' 6 

^ p c r pr 6a a or r 6s s 

r «= N , p+N , r + N«/3 + N ' 6 + N/ 6 + N ' 6 
p ^ r 6a a 6r r 6s s 


w u 

e ■ -#P- T t + V + Y Sr 6 r + f< c 9 o>* 


6a a 6r r 
6r^r ' V 


0 = p + (tan 0 Q )r 
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T + T 

V . _1_ 6 _ + — L. 


T T 


"a T T v a ‘ T T U 1 


l l 2 


l l 2 


l l 2 


T + T 

r i r 9 ' 1 

1 £u fi _ 1 fi + 

Tr„ T„ r T_ T_ r T_ T_ u 2 


1 r. 


r l r 2 


r l r 2 


6 s T 6 s + T u 3 

s s 


where 


P’ r = ^I Hzvl ! z Z \ r + IxzCn p,r| 


- asb. i 


5a, 6r, 6s I \ A zz^ ( 6a> 6r> 5s + *xz C n^ 6a> 6r< 5g 


N ' = (9§£) («U / 1 c + i c, 

P* r I ,l2v n xx n p, r xz ^ p>r 


N > = q Sb 

W |3, 6r I 




n 0, 6r 


+ I C. 
xz L 


'P. 6r 


= jl ii§ / c 

g,6r V W c yg, 6r | 


1 ' Wyy * ! xz 


The time constants (T a ,, T r ^, T a ,>, and T^) for the aileron and rudder 
servo and actuator are taken as 0.1)30 second. The spoiler time constant 
is taken as 0. 15 second. 
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Table El. State Data 



FC 9 

FC 11 j 

a ll 

- 2.85 

-1.299 

a l2 

+I.367 

+1.336 

a 13 

- 6.37 

-1.668 

a l6 

- 7.^8 

-1.555 

a 18 

+ 4.46 

+ .963 

a 19 

- .698 

- .2i2 

a 21 

+ .1766 

+ . 0846 

a 22 

- .586 

- .405 I 

a 23 

+2. 15 

+ . 491 I 

a 26 

- -985 

' • 1633 1 

a 28 

-1.2 86 

- -332 

a 29 

- .0466 

- .01603 1 

a 31 

+ .0262 

+ .191 I 

a 32 

-1.00 

- .982 I 

a 33 

- .444 

- .325 I 

a 34 

+ .0477 

+ .1275 

a 38 

+ .0723 

+ .0405 I 

a 4 l 

+1.0 

+1.0 1 

3 42 

+ .0262 

+ .1942 I 

1 a 44 

0.0 

0.0 | 
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Table El. State Data (Continued) 


ALL FLIGHT CONDITIONS 


a 55 

- 66.7 

a 56 

-1111.0 

a 65 

+ 1.0 

a 77 

- 66. 7 

(is 

00 

-1111.0 

a 87 

4- 1.0 

a 99 

.15 

V 

+ 1111.0 

b 72 

+ 1111,0 

b 93 

+ • 15 

u.l - 

,262 rad/sec 

l»«l * 

. 262 rad 

IU * 

.3^9 rad/sec 

l« r l s 

.1742 rad 

IV ‘ 

.523 rad/ sec 

l».l - 

1.572 rad 
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Table E2. State Equations 




Table E3. Flight Data 




FC 9 

FC 11 


C L 


0.234 

0.922 


I 

XX 


1 . 91 - 10 6 

1.92- 10 6 

slug ft^ 

I 

xz 


.220'10 6 

,222'10 6 

p 

slug ft 

I 

zz 


13 . 4 ' 10 6 

13 . 47 . 10 6 

slug ft^ 

M 

Mach 

O.650 

0.226 


S 

Wing area 

3084 


ft 2 

W 

Weight 

208,000 

214,495 

lb 

V 

Speed 

674. 

252. 

ft/ sec 

b 

Span 

124 . i 

5 

ft 

h 

Altitude 

20,000 

0 

ft 

q 

Dynamic pressure 

287 . 

75.5 

lb/ft 2 

u 

o 


674. 

£ 

CVJ 

ft/ sec 

W 

o 


+ 17.67 

+ 48.1 

ft/ sec 

X 

cm 

Center of mass 

1615. 

1465. 

in. 

X 

cm 

Center of mass 

67.O 

59-8 

$ 

a 

0 

Attack 

1 . 5 / 57.3 

11 / 57.3 

rad 
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Table E4. Body Axis Stability Derivatives 


F.C. 

9 

11 

9 

11 

9 

11 

(•) 

c . 


c 


c 



H 

•) 

n 

(•) 

y ( 

•) 

P 

-.540 

-.350 

+.295 

+. 200 

— 

— 

r 

+.270 

+.370 

0 
00 

1 

-.806 

— 

— 

P 

-•115 

-.115 

+. 275 

+. 241 

-2. 18 

- 2.35 

6 a 

-.128 

-.101 

-.105 

-.064 

— 

— 

6 r 


+. 0 66 

-.166 

-. 162 

•355 

+ .292 

6 

s 

-.0120 

-.01377 

- . 00427 

-.00 58 

— 

— 
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MAC H 
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* 0.90 


1.1 

2.0 
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Figure E3. C n 

P 


MACH 

0.25 

0.90 

1.1 

2.0 



Figure E4. 

r 
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ANGLE OF ATTACK 














^^ULL^SM^LER DEFLECTION ROLLING MOMENT INCREMENT, AC^ (FULL SPOILER DEFLECTION) 



Figure ElO. Spoiler 



Figure Ell. Spoiler 
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APPENDIX F 


LATERAL EQUATIONS AND DATA FOR 
NORTH AMERICAN 134D 


This appendix presents the equations and data used to generate the results of Sec 
tion VIII. The nomenclature, representations, and derivations are presented 
below. 


NOMENCLATURE 
A = Matrix [Equation (FI)] 

A[x] = Slender body area [Equations (F19) and (F20)] 
B = Matrix [Equation (F22)] 


J5L 


C L = 0.345 = q S [cy _( sy )c D /C L ] 


2 — 

C^ = (c a) C^ - (sc*) (cor) 
P P 


C, + c n 
— H— 

r p 


+ (sc*) 2 C 


n- 

r 


ac. 




p£7 (Figure F4) 


,2 = 


C^ = (c a) C ^ + (sa)(ca) + 


C l- ~ C n- 


- (sc*) 2 C 


n 


dC t 

-i =7fbT (Fi g ureF5) 

f 5 (2V 


C, = 57. 3 


(c a) C. - (sc*) C n 

n P 


3C, 

= aj- (Figure F6) 


C, = 57. 3 
6a 


(c a) C. - (sc*) C 

6a 5a 


ft 


2 


1 / rad 

1 / rad 

1 / rad 

1 / rad 
1/rad 

1/deg 
1 / rad 
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BC. 


6a 


= 

57. 3 

6r 




6r 

S6 r 


6r 




C„ = (c a) 2 C„ + (so?) (ca)[+ c t _ - C n _ 1 - (saf C 


n 


' n p 


\ P 


ac 


n 


11 - ?>(P b l 
p 5 2VI 


(Figure F4) 


C = (cor) 2 C + (saHcor) (+ C, + C 1 + (sa) 2 C. 
n n- v- n_ -c - 

r r l r p / i 


ac 

C n_ ■ r^T <F ‘6“ re F5 > 
r 3 2V 


n 


p 


C„ = 57. 3 |+ (sa;) C, + (ca)C„ + - C - — mr P - C 


X “X 


0 n /3 


ac 


c n/3 = TT (Figure F6) 


n 


6a 


C = 57. 3 (so-) C. + (car) C + 


6a 


n_ b 

6a 


X "X 

cm mrp j=; 


6a 


ac 


n 


n Sa d6 a 


C = 57. 3 
n 6r 


(Figure F7) 


+ (sa) C. + (ca) C 

V n 5r 


ac 


\ r S TT r < Fi e u ~ F8) 


1/deg 

1/rad 

1/deg 
1 / rad 

1/rad 

1/rad 

1 / rad 

1 / rad 

1/deg 

1 / rad 

1/deg 
1 / rad 

1/deg 


269 


C = 57. 3 C 

y/3 y/3 

sc 


c y/3 = (Figure f6 > 


= 57. 3 C 


' 5r J 6r 

SC 

C y g = S6 (Figure F8) 

D = Matrix [Equation (F2)] 

E Q = 2. 5/57. 3 (Elevation angle) 

G = Matrix [Equation (FI)] 

H = Matrix [Equation (F2)] 

H = Heading angle (rotation sequence H, E, 0 ) 

I = I I - I 2 
XX zz xz 


I = 2. 75 • 10 (Inertia about x axes) 
I = -0. 006 • 10® (Product of inertia) 

XZ 


I = 14. 394 • 10 (Inertia about z axis) 
z z 

L = Rolling moment 
L = 172 (Slender body length) 

L v = 1220 (Side gust scale of turbulence) 

L w = 600 (Vertical gust scale of turbulence) 

N = Yawing moment 
S = 6084 (Reference area) 

T = 1/6 (Aileron actuator time constant) 

cL 


l/rad 

1/deg 

l/rad 

1/deg 

rad 


rad 

slug 2 / ft^ 

slug/ ft 2 

slug/ ft 2 

slug/ ft 2 

ft/ lb 

ft 

ft 

ft 

ft/ lb 

ft 2 

sec 
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sec 


T r = 1/6 (Rudder actuator time constant) 

V = 291 (Airspeed) 

W = 212, 740 (Weight) 

Y = Side force 


a^ = Element of A matrix 

j 


‘ii'ijfirlw* +I ** c n 

1 \ P .P 


+ I I q+I (I -I )q 
zz xz n o xz xx yy M o 


12 


13 


zz C l, r + l X z C n r \ + I zz (I yy “ 1 ^ ) % ~ X xz q o 


= i jg§b_ |i 
i/ 2v y 

= 1 ji§b (j c# +I c 

I l V | xz n 


a 17 = T(T \ l zz C l»21 + 1 xz C np iJ 'll 

a 18 = nT j I zz C ^ (3 M- 22 + T xz C n^l2 

a 19 = ^rj I zz C ^ K, 23 + I xz C n^ fX 13 

a l,10 = Inr^zz 0 ^ + X xz C n j 
' P P> 




6a 

xz n. 
6a 


+ T C 

5r 

xz "fir 


1 jqSb 2 


2 1 I) 2V 


I C + I C, + I (I -I )q +1 q 
xx n xz K, xx xx yy o xz H o 


ft/ sec 

lb 

lb 
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l 22 ~ ij\v ( I xx C n r + I xz C t r ) “ I xx I xz q o + ! xz^yy " I zz^ q o 


a 23 = ij^ + ‘xz^jj 


a 2 7 IV l^x^ll + ^^21 


a 2 8 IV l I xx C n 0 tl 12 + l xz C l^22 


a 29 = TT _ ] I xx C n^ ,J '13 + l xz C t^23 


_ qSb 1 y p . T p 

l 2, 10 2IV ) xx^n p xz^tp 


a Q i A = ^ i 1 c + 1 C. 

2, 14 I I xx rig a xz L 


6a 


i 2, 15 


qSb 


I C + I C. 
xx n 6r xz l Qr 


a 31 w o 


a 32 u o 


a = JL c 
a 33 W V ■ 


y /3 


a 34 = g cos E c 


a 37 a 33^31 


a 38 a 33 |J '32 


a 39 = a 33^33 


a 3, 14 = W 5SC y 


6a 
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a 3, is = #^ sc y 5r 

41 


a-- = 1 


>42 ‘ * an E o 

a 44 - % ta " E < 


a 52 = cos E 
<ln 


a 54 = 

cos 

a 63 = 

1.0 

a 64 = 

- w o 

a 65 = 

u o< 

(I 

-a 7 


a 7, 11 * +2 - S I 


a 38 »- 2 °. 3 4 L 

a 8 9" 51 - 86 E 


l 8, 11 


V 

= +72.2 7 - 


a 98 = +7 - 04 L 


a 99 =+15 - 76 L 


a 9, 11 = ~ 22 ' 8 L 


a 10, 10 “ a 10, 13 


sin E 
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a 10, 13 2,3 r.c. 

a ll, 12 = 1,0 


l 12, 11 


V 

L 


a 12, 12 “ 2 


V 

L 


TT V 

a 13, 13 “4b 

a 14, 14 = " g l4, 1 

a l 5, 15 = " g 15,2 
b = 118. 5 Span 


c = Cosine 


cm = Center of mass (subscript) 

d[x] = Slender body diameter [Equation (F21)] 

d. . = Element of D matrix 

d 81 = g 14, 1 

d 10, 2 = g l 5, 2 

d 12, 1 = h ll, 14 g 14, 1 

d 12 , 2 = h ll, 1 5 g l 5, 2 
e = Earth (subscript) 
f = Equation (F2) 

7 = Equation (FI) 

f^ = Step response of x^ [i = 1, 2, 3; Equations (FI 6) through (FI 8) 


ft 


ft 


ft/ sec 
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g = 32. 17 (Gravity) 


g„ = Element of G matrix 


g ll, 3 = °v 


-i/IxT 

V" L v 


g 12,3 


(l - 2 VI] 1 

f V 1 

VW * v| 

L 

i v / 


g 13, 4 4 b 


3/2 


5 v 1 V°- 8 (5 


g 14, 1 


g l5, 2 


h = 600 (Altitude) 

h. . = Element of H matrix 
ij 

h 14 = 1.0 


h 2 1 a 41 


h 22 a 42 


h 24 a 44 


h 35 = 1 -° 


h 42 “ a 52 


h 44 ~ a 54 


h 56 * 1 * 0 
h 63 = a 63 


2 75 


ft/sec^ 


ft 



h 64 = a 64 

h 65 = a 65 

h 7, 14 = 1,0 

h 8, 14 = " g 14, 1 

h 9, 1 5 = 1 *° 

h 10, 15 = " g 15,2 

h ll, 1 =+x p a 21 ' VH 

h l 1,2 = +X p a 22 ' Z p a 12 

h ll, 3 = a 33 + x p a 23 " Z p a 13 
h ll,4 =zer ° 

h ll, 7 = a 37 + X p a 27 ” Z p a 17 
h ll, 8 = a 38 + X p a 28 ' Z p a 18 
h ll, 9 = a 39 + X p a 29 " Z p a 19 


h ll. 

10 

= x a 
P. 

2, 

10 


z a 
P 

1, 10 




h ll. 

14 

= a 3. 

14 

+ 

X 

p 

> a 2. 

14 ‘ 2 

a, 
P 1 

,14 


h n. 

15 

= a 3. 

15 

+ 

X 

F 

a 2. 

15- 2 

a, 
P 1 

,15 


h 12. 

1 = 

h H. 

l a 

11 

+ 

h ll 

,2 a 21 

+ h 

11, 

3 a 31 

h u. 

2 

h H, 

l a 

12 

+ 

h ll 

,2 a 22 

+ h 

U, 

3 a 32 

h 12. 

3 = 

h H. 

l a 

13 

+ 

h ll 

,2 a 23 

+ h 

11, 

3 a 33 

h 12. 

4 = 

h ll. 

3 a 

34 








2 76 



h 12, 7 = h ll, l a l7 + h ll,2 a 27 + h ll, 3 a 37 + h ll, 7 a 77 

h 12, 8 = h ll, l a l 8 + h ll,2 a 28 + h ll, 3 a 38 + H ll, 8 a 88 + h ll, 9 a 98 

h 12, 9 = h ll, l a 19 + h ll,2 a 29 + h ll, 3 a 39 + h ll, 8 a 89 + h ll, 9 a 99 


h 12. 

10 

= h ll. 

l a l. 

10 

+ 

h u. 

2 a 2, 

10 

+ 

h ll. 

10 a 10, 

10 




h 12. 

11 

= h H. 

7 a 7, 

ii 

+ 

h ll. 

8 a 8, 

11 

+ 

h ll. 

9 a 9, 

11 





h 12. 

13 

= h ll. 

io a io. 

13 












h 12. 

14 

= h u. 

l a l. 

14 

+ 

h n. 

2 a 2, 

14 

+ 

h H. 

3 a 3; 

14 

+ 

h u. 

I4 a 14, 

14 

h 12. 

15 

= h ll. 

l a l. 

15 

+ 

h u. 

2 a 2, 

15 

+ 

h H» 

3 a 3, 

15 

+ 

h ll. 

15 a 15, 

15 


i, j, k = Unit vectors in aircraft (Figure F3) 

i , i , k = Unit vectors relative to flat earth 
e' J e* e 

mrp = Moment reference point (subscript) 
o = Reference trajectory (subscript) 
p = Roll rate (Figure F3) 

Pg = Rolling wind 

q = Pitch rate (Figure F3) 
q Q = 0 (Reference pitch rate) 

q = 100 (Dynamic pressure) 
r = Yaw rate 

r = Response vector [ Equation (F2)] 
r. c. = 90 Root chord 
s = Sine 

s = Differentiation operator 


rad/sec 
rad / sec 

rad/ sec 
rad / sec 

lb /ft 2 
rad/sec 

ft 
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s. g. = Side gust (subscript) 
u q = 2 82 » V(co-) 

v = Side velocity (Figure F3) 
v = Side gust at aircraft nose 
w Q = 72. 8 = Visa) 

x = State vector [Equation (FI)] 

x = Side gust state at aircraft nose 

x = Distance forward of cm (Figure F2) 

x = Distance aft of nose 

x =117 (Aft of the nose; Figure 90) 
cm 

x =117 (Aft of the nose; Figure 90) 
mrp 

x = 58. 6 Distance pilot is forward of cm 
P 

Xj, Xg, Xg = Side gust distribution states 

x^ = Rolling gust distribution state 

y = Lateral displacement relative to ground 
Zp = -7. 5 (Distance pilot is below x axis) 

A = Perturbation symbol 
0 = Roll angle 

a = 14. 5/ 57. 3 (Angle of attack) 

0 = Sideslip angle (Figure F3) 
y = -12/57.3 (Flight path angle) 

6 a = Aileron deflection; each (Figure F3) 

6 r = Rudder deflection (Figure F3) 


ft/ sec 

ft/sec 
ft/ sec 
ft/ sec 


ft/ sec 2 
ft 
ft 
ft 

ft 

ft 

ft/ sec 

rad/ sec 

ft 

ft 

rad 

rad 

rad 

rad 

rad 

rad 
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■Hj = Unity white noise (drives v) 1/sec 1 / 2 

r) 2 = Unity white noise independent of Tij (drives p^) 1/sec 1 / 2 

= Wind weights [Equations (F23) and (F2 6)] 

ff v = 9. 54 (Standard deviation of side gusts) ft/ sec 

ff = 6. 7 (Standard* deviation qf up gusts) ft/ sec 

w 


= Overscore indicating quantity is in stability axes 


REPRESENTATIONS 

The generic forms for the perturbation state transition and response are 
given by Equations (FI) and (F2). 

£ = Ax + Gf = Ax + G^u + Ggti (Fl) 

r = Hx + Df = Hx + Du (F2) 

They are presented explicitly in Tables Fl and F2. These tables and the 
nomenclature provide for generating all data. 

• 

Evaluation of these data for the flight condition investigated yields the 
numerical values for the matrices A, Gj, G 2 , H, and D listed in Tables F2 
through F7. Gain matrices are listed in Tables 24 and 27. 

The analog simulation for the plant and quadratic controller are presented 
as Figures Fl and F2. Pot settings are given in Tables F8 and F9, 

Table F10 lists the amplifiers used. 


DERIVATIONS 
Euler Angles 

A A A 

Jhe^air^raft body axes (i, j, k: Figure F3) relative to their initial position 
i e » je» ^e over a flat earth are given by (Equation 1-4B of ref 28). 

/ - \ 

1 n. e 1 

(F3) 



(cEcH) 

(cEsH) 

(-sE) 


( * ^ 

(-sHc$+sEcHs$) 

(cHc$+sEsHs§) 

(cEs§) 

< 

A 

Je 

(sHs$+sEcHc$ ) 

(-cHsf+sEsHc$) 

(cEc§) 


hi 
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These equations are for the Euler rotation sequence heading H, elevation E, 
and roll 0. The inverse of the above system is required but it will not be 
written explicitly, because it is available by transposing (inverting) the matrix. 
For example, the cross-course velocity y (in earth’s coordinates) is required. 
By use of Equation (F3) 

y - (cEsH)u + (cHc$+sEsHsf )'v + (-cHs$+sEsHc$)w (F4) 

Taking perturbations in y, H, 4, and v yields 

Ay = (u o cE+w q sE)AH - w q A 0 + Av (F5) 

Equation (F5) corresponds to rows 6 of Tables FI and F2; the perturbation 
symbol is dropped in Tables FI and F2. 

Evaluation of the goodness of roll control requires determination of the excur- 
sions in heading and roll. Their rates are given by (Equations 1 - 15, ref, 28). 


H = (qs§+rc§) (F6) 

0 = p + tan E (qs4+rc4) (F7) 

Taking perturbations yields 
. 1 

AH = — (q Q A0+ Ar) (F8) 

A0 = Ap + tan E(q Q A0+Ar) (F9) 


which agree with rows 5 and 4 of Table FI. 


Winds 


The clear air wind turbulence models of the Dryden form for shuttle in post 
entry flight are specified on pages 48-53 of ref. 13. The lateral axis is 
forced by side gusts 


V 



1 + 


V3L, 


V 



2 


s 


*1 


(F 10) 
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and by rolling gusts 



ttV 


State representations for Equations (F10) and (Fll) are given by 



and 


• _ n V „ . 

Pg 4 b Pg a w 




V 


w 


TT_ 

4b 


8 ~ it Mr 


L 

rr w 


4 b 


1/6 


They correspond to rows 11 through 13 of Table FI. 


Numerical values of a , a , L , and L are needed, 
these are w v v 


^2 

For 600-feet 


a w = 6.7 ft/ sec 

a v = 9. 54 ft/sec 

L w = 600 ft 

L = 1220 ft 

v 

a is taken directly from ref 13. For altitudes below 1750 feet 
w 


L w " h 
L v = 14 5h 


1/3 


Furthermore, 


■/ 


w 


w 


(Fll) 


(F12) 


(F13) 

altitude 
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Distributing the Wind Gust Loads 


The side force due to winds on the vehicle is the integrated sum of the local 
body and fin pressure developed by side gusts (v). Analogous statements 
prevail for the yawing and rolling moments due to side gusts and for the roll- 
ing moment developed by the rolling wind (Pg). 

These are all distributed forces for which it is desirable (mandatory in the 
present content) to find a lumped parameter representation. Lumped param- 
eter approximations for the side gusts are discussed first. Then the rolling 
gust approximation is presented. 

The side force and yawing moment coefficients due to side gusts are taken 
to be 


Cy = y M C ^3 1 X 1 + hL 32 x 2 + * J '33 X 3^ 


(F14) 


r s 

n sg * V 


+ I 1 


12 X 2 + 


(F15) 


where x., x„, and x„ are system states driven by the wind v. For constant 
winds xj = x *2 = X 3 - v. Rows 7, 8 , and 9 of Table FI show this and how the 
x.'s are driven by the wind v. The n.^'s are constants to be determined. 

The step responses of x-, x 0 , and x„ (called f,, f 0 , and f_) for a sharpedged 
side gust v are 1 A A 


2. 3 


f l 

[x] 

= 1 - e 





(F16) 




2. 3 





f 2 

[x] 

= 1 - e 

x 

{cos — x - 2. 00 

sin 


(F17) 



- ■ 

2.3 

L x 

s 


s 


f 3 

[X] 

= 1 - e 

s 

O n 

{cos x + 3. 985 

sin 

P X} 

(F18) 
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The most gross result of slender body theory (ref. 22 or 23) gives the step 
responses for gust penetration as 


c [X] = g- ! A' [x] dx 
P o 


(F19) 


% W = £ I SA' [X] d* 

p o o 

A[x] is taken as 

A[x] = *5" (d[x]) 2 


(F20) 


(F21) 


where d[x] is the "slender body maximum" projected side dimension. 

Step responses for C [x], C [x], and C [x] are presented in Figure 

F9. yp x \ m 


The (x. .* s are determined to provide a least squared fit of C [x] and 

ij y b 

C [x] from the solution of 

n (3 

'em 


b?.. 

= c. . for i = 1, 3 

(F22) 

i] 

13 


p. . 

= k.jx.. for i = 1, 3 

(F23) 

13 

i 13 


7T 

H*- 

11 

3 for l = 1, 3 

(F24) 


H 



3 = 1 13 
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where 



The k.'s may be considered as scale factors that enforce agreement between 
dsta sfets for steady winds. 
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For a constant side gust (v), the rolling moment coefficient is 

c = c -iL 

1 % V 

For a sharp-edged side gust it is assumed that 


(F25) 


' g 2 = 


C. [x/L] 

c j tn 


0 

(0. 6-x/L) 5 

— <TTE — 


for 0 s x/L s 0,6 


for 0.6 s x/L s 1 


(F26) 


C, is generated primarily by the wing which starts at x/L = 0. 6 and extends 

p 

to x/L = 1. 0. The quadratic variation for 0.6 ^ x/L s 1.0 is motivated by 
slender body theory. 


The are obtained by use of Equations (F22 through (F24) (with a nota- 

s 

tional adjustment) and (F26). 


Treatment of the rolling gusts is analogous to, but simpler than, those for 
the side gusts. 


The rolling gust (p^) drives x^ 


through the equation shown in row 10 of 


Table FI. Time to 90 percent is taken as the time to traverse the wing 
root chord, x^ "distributes" p over the wing chord. Steady- state values 
of X4 and pg are the same. x4 g drives the equation of motion in the same 
manner as the geometric p. 


Dynamic Equations 

The equations of motion are 

P'T (I zz [L - (I z 2 - I yy )qr + I ^ pq:1 ' , ' I X z l:N ■ (I yy'V Pq ‘ I xz qr]! ,F27> 
* ‘ T (I xx tN - «yy-l xx )pq - I xz qr] +1 XZ [L - n zz -I yy )qr + I xz Pq] 1 (F28) 

v = Y + gcEs0 - ur + wp (F29) 
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The corresponding perturbation equations are 


AP I zz- I yy )q o Ar + I xz q o Ap 

+ I XZ [AN - (I yy - I xx )q 0 Ap - I x 2 q o Ar : ] 

Ai- = f tI xx CAN - <I yy - I xx )q o Ap - I xz q o Ar: 

+ ! X z [ AL ' (I zz _I yy >q o Ar + 'xz q o Ap:!1 
Av = -|-AY + g(cE)(c0 Q )A0 - u Q Ar + w Q Ap 


(F30) 


(F31) 

(F32) 


Aerodynamic forces are given by 

L = qSb { ^ C^p +|y C^r + C^/3 + C^ga + C l 6r 6r + 2V C .<, p X 4 


I 

+ “V^>21 X 1 + ^22 X 2 + ^23 X 3^ | 


(F33) 


N qSb < j 2V C^p + 2V C n ^r + C n JZ + C n ga 6a + C n 6r 6r+ 2V C n p X 4 


nr 


+ ^/ [ll ll X l + fi 12 X 2 + H -13 X 3 ] / 


(F34) 


Y = i C y^ + C y._ fia + C y 6 -® r+ + H '32 X 2 + (F35) 


7 P 


6a 


and their perturbations by 


AL = qSb C Ap+^r C. Ar + C . A/3 + C . 6a + C gr 

|2V t p 2V A r Ip ^5 a V 


+ 2V C l X 4 + ^ |1 21 X 1 + ^22 X 2 + ^23 X 3^ 

P 


(F36) 
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(F 37 ) 


AN - ilSb 4 p^C n ar. C A 0 + C «a + C 5 r 

p r p fia 6 r 


b n B 

+ 9 ^? x . + — 2 .[n x + P 19 x„ + t* ia x B ] 


2 V n 4 T V Lr U A l T r 12 A 2 T r 13 A 3 - 
P 


Ay = qS ) 


'yp, 


t c y 3 A/3 + c y 6a 6a + c y gr 6r + y C ^i x i + “s 2 x 2 + > 1 ss x 3 ] r F88) 


Substituting Equations (F 36 ) through (F 38 ) into Equations (F 30 ) through (F 32 
yield Equations (F 39 through (F 41 ). 

2 r 


Ai» . 

1 2 V 


I _C, + I c 

zz t xz n 
P P 


+ I I q + I (I - I.. )q > Ap 

ZZ XZ^O XZ XX tt ^o r ^ 


. Jj qSb' 


i 

i 


I C. + I c 

zz t xz n 
r r 


- 

qSb 

I c. 

+ I c 

V 

V. 

z z b i ^ 

xz rig Jj 


+ I (I - I )q - I q \ Ar 
zz yy zz M o xz M o ' 


- Av 


, qSb 
+ TV" 


<1 


zz 


C 1 ^ 21*1 + |i 22 x 2 + l * 23 X 3 ) + J C 4 p X 4 


+ I 


XZ 


C n / 3 (li ll x l + ^ 12 x 2 + H ' 13 x 3 ) + 2 C n p X 4 


+ I C t + I C 

I ) zz xz n fia 


V 6a 


qSb 


I C, + I C 
zz V XZ n 6r 


> 6r 


(F 39 ) 
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Ar = v 


i Jr sb 2 


I I 2 V 


,1 C +1 C, +1 (I - I )q + I "q 
L xx rip xz £pj xx xx yy M o xx M o 


> Ap 


+ 


+ 


1 J qSb 2 
I | 2 V 

qSb 


I C + I C. 
xx n xz L 
r r 


" ^yy^y 7 % + I (I - I )q 
XX XZ O XZ V yy ZZ /4 0 


Ar 


,1 C +1 C. v Av 


IV ] xx xz Ip 


+ IV I xx 


C n fi (tl ll X l + M ' 12 x 2 + |a l 3 X 3 ) + 2 C ._ 

P P 


V 4 ] 


+ I 


xz 


C -to^ 21 X l + *22*2 + |J ' 23 X 3 ) + 2 C l X 4 
P P 


1 } 


+ V^xx C n 6a + I xz C l 5a > * a 


qSb 


, ,wv ^ c v 


Av = + w A -uAr + 
op o 


VW Av + g(cE) A 0 


gqs 


Po 1 x 1 + P„ 9 x 9 + P, 9 x } + <C 5a + C 5r ( 

VW | 31 1 32 2 32 3 | W ] y 6a y 6 r 

Equations (F 39 )through (F 41 ) correspond to rows 1 - 3 of Table FI. 


(F 40 ) 


(F 41 ) 
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Control Surface Dyamics 


Tail-wags-dog and dog-wags- tail dynamics are neglected. 

Servo dynamics are also neglected. Actuator dynamics are taken as 6 rad/sec. 
For aileron actuation 


6a = 


- 6a + =— u- 
a 1 a 


Equation (F42) corresponds to row 14 of Table F2. 
change it also corresponds to row 15. 


(F42) 

With an obvious notation 


Pilot's Lateral Acceleration 

The lateral acceleration at the pilot's station is approximated by 

a = v + ur - wp + x r - z p - g(CE(s0) (F43) 

y p p 

The perturbation equation is 

Aa^ = Av + u Q Ar - W Q Ap + x^Ar - z^Ap - g(CE Q )(C0 o )A0 (F44) 

Row 11 of Table F2 is the equivalent of Equation (F44). _ The Av of Equation 
(F44) is obtained from row 3 of Table FI. Similarly, Ar and Ap are obtained 
from rows 2 and 1 of Table FI. 

Aky is obtained from differentiation of row 11 of Table FI. 

Resolution. From Stability to Body Axes 

The aerodynamic data of Figures F4 through F9 are given in stability axes 
(which here are the "barred" axes). The equations of motion are in body 
(unbarred) axes. From the sketch on the following page 
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X 



Therefore, 


f” n 




— — 


“ 

fL L 


ca -sa 


L- L- 


ca s a 

Xi 




P r 



N N 


s a ca 


N- N 


-sa ca 

P r 




P r 




with the particular implication 

L = (ca) 2 L- + (saca) (L- - N-) - (sa) 2 N 
r r p r p 

etc. , as listed in the nomenclature. 


(F45) 


(F46) 


(F47) 
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Table FI. State Equations 
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Table F3 


A Matrix 


co 

CD 

CO 



% 


p/* 


/* 


//**• 



J 


*/ 

* 2 . 

*3 

V 




ROW 1 
















-•106%3E 01 

•17830E 01 

-.177?oe'-01 

•OOOOOE 

00 

•OOOOOE 

00 •OOOOOE 

00 - 

•39080E-0I 

•*5750E-02 

•16700E-01 

-./04>4Ofoi 


p 

•OOOOOE 
RBvj ? 

00 

•qo0doe o© 

•OpOOOE 00 

* •3oO*OE 

01 

•1059CE 

01 





-.21220E 




••21220E 00 

-•11 SOOE oo 

•12780E-02 

•OOOOOE 

00 

•OOOOOE 

00 *OOOOOE 

00 - 

29180E'02 

•93300E'03 

•32630E-02 

oo 


r 

•OOOOOE 
ROW 3 

00 

•OOOOOE 00 

•OOOOOE 00 

•*2M0E- 

01 

-•*379oE 

00 









• 72600F. 02 

'•PSlOOE 03 

-•17310E 00 

•3217QE 02 

•OOOOOE 

00 •OOOOOE 

oo - 

•25600E 00 

•17750E-01 

•65980E-01 

•OOOOOE 

oo 


IT 

♦OOOOOE 
ROw h 

00 

•OOOOOE 00 

•OOOOOE 00 

•oooooe 

00 

•17960E 

02 





•OOOOOE 




• 10000E 

01 

• 43^^>OE-01 

•OOCOOE 00 

•oooooe 

00 

•OOOOOE 

00 •OOCOOE 

00 

•OOOOOE ob 

•OOOOOE 00 

•COOOCE GO 

oo 



•OOCOOE 
ROW 5 

00 

•OOOOOE 00 

•OOOOOE 00 

•oooooe 

00 

•OOOOOE 

00 





•OOOOOE 



r 

•OOOOOE 00 

•10010E 01 

•0OOOOE 00 

•oooooe 

00 

•OOOOOE 

00 .OOOOOE 

00 

•OOOOOE 00 

•OOOOOE 00 

•OOOOOE 00 

CO 


H 

•OOOOOE 

R 0W 6 

•OOOOOE 

00 

■OOOOOE 00 

•00OOOE 00 

•oooooe 

00 

•OOOOOE 

00 









00 

•OOOOOE 06 

•lOCOOE 01 

'•72AQ0E 

02 

•2839oE 

03 .OOOOOE 

00 

•OOOOOE 00 

•OOOCOE 00 

•OOOOOE 00 

•OOOOOE 

ob * 


y 

•OOOOOE 
ROW 7 

00 

•OOOOOE 00 

•OOOOOE 00 

•OOOOOE 

00 

•OOOOOE 

00 








f 

•OOOOOE 

00 

•OOOOOE 00 

•OOCOOE 00 

•OOCOOE 

00 

•OOOOOE 

00 OOCOOE 

00 - 

•38780E 01 

•OOOOOE 00 

•OOOOOE 00 

•OOOOOE 

oc 



• 3878 oe 

ROW ? 

01 

•0O00OE 00 

•OOOOOE 00 

•OOOOOE 

00 

•OOOOOE 

00 





•OOOOOE 

00 


# 

•OOOCOE 

00 

•OOOCOE 00 

•OOCOOE 00 

•OOOOOE 

00 

•OOOOOE 

00 OOOOOE 

00 

•OOOOOE GO 

-••34250E 02 

-•87603E 02 



•lPlfOE 03 

un .1 r. 

•OOOOOE 00 

•OOCOOE 00 

•oooooe 

00 

•OOOOOE 

00 









•"sn y 

•OOOOOE 

00 

•O0OOOE 00 

OOCOOE 00 

•oooooe 

00 

•OOOOOE 

00 OOOOOE 

00 

•OOOOOE 00 

•11850E 02 

•26600E 0? 

•OOOOOE 

00 


X 3 

-•38^5qf 
ROW lo 

02 

•OOOOOE oo 

OOCOOE 00 

•oooooe 

00 

•OOOOOE 

00 





-•7*ilOE 




•OOOOOE 

00 

•oooooe: oo 

OOCOOE 00- 

■OOOOOE 00 

•OOOOOE 

00 oooooe 

oc 

•OOOOOE 00 

•OOCOOE OC 

•OOOOOE 00 

oi 


*4 

•OOOOOE 

00 

•ooooOt oo 

• 7 1 * 1 1 OE 01 

•OOOOQE 00 

•OOOOOE 

00 









ROW 11 












•OOOOOE 

00 


' 

• OOOOOE 

CO 

•OOOOOE oo 

•OOCOOE 00 

•0CO0OE 00 

•OOOOOE 

00 OOOOOE 

00 

•OOOOOE 00 

•OOOOOE 00 

•OOOCOE OO 


ir 

• OOOOOE 

00 

•100G0E 01 

•OOOOOE 00 

•Oooooe oo 

•OOOCOE 

oo 









ROW 1? 











•OOOCOE 00 

•OOOOOE 




•OOOOOE 

00 

•OOOOCE 00 

•OOOOOE 00 

•COOOCE 

00 

•OOOOOE 

CO OOOOOE 

00 

•oonooE on 

•OOOOOE 00 

00 


X 

- • 

ROW 13 
•OOOOOE 

00 

-•5&500E-CI 

•oooooe do 

•00CODE 00 

•OOOCOE 

00 









00 

•OtfJOOE 00 

•OOCOOE CO 

•ConooE 

00 

•OOOOOE 

00 OOOOOE 

00 

•OOOOOE 00 

•OOOOOE 00 

•CO00OE 00 

.OOOOOE 

Oc 


Pj 

• OOOOOE 
ROW 1h 

00 

•OO0OOE CC 

-•3205OE 00 

■COOOO- 

00 

•OOOOOE 

00 






Co 


0 

•ooccor 

c-o 

•OOOOOE 00 

•OOOOOE 00 

•OOCOOE 

00 

•OOOOOE 

00 .OOCOOE 

00 

•OOOOOE 00 

•OOCOOE 00 

•OOOOOE CO 

•OOOOOE 


3a. 

•OOOCo c 
.WOW 15 
•OOCCOE 

00 

•OOOOOE 00 

•OOOOOE 00 

- * c^oooe 

01 

•OOOOOE 

00 









00 

•OOOOOE 00 

•OOOOOE OO 

•oooooe 

00 

•OOOOOE 

00 •OD0OOE Ctf 

■OOOOoE 00 

•OOOOOE 00 

•OOOOOE 00 

•OOOOOE 

00 


VI 

•OOOOOE 

no 

•OO0OOE 00 

•oooooe Oo 

•OonnoE 

00 

* * • 60000E 

01 











Table F4. G1 


R0W 1 

•OOOOOF 00 

R0W ? 

•OOOOOP 00 
Ndw 3 
•OOOOOF 00 

R0W 4 
•OOOOOF 00 
R0W 5 
•OOOOOF 00 
R0W 6 
•OOOOOF 00 
ROW 7 
.OOOOOE 00 

ROW 3 

•OOOOOF 00 
K0W 3 
•OOOOOF 00 
ROW lo 
•OOOOOF 00 
R0W 1 1 

•OOOOOF 00 

R0W IF 
•OOOOOF 00 
K0W 13 

•OOOOOF 00 
R0W 14 
•60000F 01 
R0w 15 
•OOOOOF 00 


Matrix 


•OOOOOE 

00 

♦OOOOOE 

00 

•OOOOOE 

00 

•OOOOOE 

00 

•OOOOOE 

00 

♦OOOOOE 

OC 

•OOOOOE 

00 

•OOOOOE 

00 

•OOOOOE 

CO 

•OOOOOE 

00 

•OOOOOE 

00 

i OOOOOE 

00 

OOOOOE 

r* r 
W \J 

OOOOOE 

00 

'60000E 

01 


Table F5. 


R0W l 
•OOOOOF 00 
R0W 2 
•OOOOOF 00 
R0W 3 

•OOOOOE 00 

ROW 4 

•OOOOOE 00 

K0W 5 
•OOOOOF 00 
ROW 6 

•OOOOOF 00 
ROW 7 
•OOOOOE 00 
ROW 8 
•OOOOOE 00 

ROW 9 

•OOOOOF 00 
ROW lo 
•OOOOOE 00 

ROW 11 

•45500E 01 

ROW 12 
- • 1 5400F 01 
ROW 13 
•OOOOOF 00 
ROW . 14 

•OOOOOF 00 

ROW 15 
•OOOOOF 00 


G2 Matrix 

•OOOOOE 00 
•OOOOOE 00 
•OOOOOE OC 
•OOOOOE 00 
•OOOOOE 00 
•OOOOOE 00 
•OOOOOE 00 
•OOOOOE 00 
•OOOOOE 00 
•OOOOOE 00 
•OOOOOE 00 
•OOOOOE 00 
•34600E-01 
•OOOOOE 00 
•OOOOOF OC 
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><% X 


Table F6. H Matrix 



f/Z r/x ^/f f H/% r 

ROW 1 

•OOCOOE 00 •00000t , 00 OOOOOE On -IOOOOE ol -OOOOOE 00 

.OOOOOE 00 *00000 E 00 OOCOOE 00 -00000E 00 -OOOOOE 00 

ROW 2 

•IOOOOE 01 OOCOOE 00 -OOOOOE 00 *00000E 00 

•OOOOOE 00 -OOOOOE 00 -OOCOOE 00 -OOOOOE 00 •00000E 00. 

ROW 3 

•OOOOOE 00 •OCOOOE CO OOOOOE 00 •OOCOOE 00 •lOOOOE 01 

•OOOOOE 00 •60000E 00 -OOCOOE 00 -OOOOOE 00 -OOOOOE 00 

ROW H 

•OOOOOE 00 M0010E 01 .OOOOOE 00 .OOOOOE 00 •OOOOOE 00 

•OOOOOE 00 ‘OOOOOE 00 .OOOOOE 00 .OOOOOE 00 *OOOOoE 00 

ROW 5 

•OOOOOE 00 -OOOOOE 00 -OOCOOE 00 -OOOOOE 00 *OOOOOE 00 

•OOOOOE 00 *OOOOOE 00 .OOOOOE 00 -OOOOOE 00 -OOOOOE 00 

ROW 6 

•OOOOOE 00 -OOOOOE 00 OOCOOE 01 -.72600E 01 «1R39oE 03 

•OOOOOE 00 *OO0OOE 00 .OOCOOE 00 -OOCOOE 01 *OOOOOE 00 

ROW 7 

•OOOOOE 00 -OOOOCE 00 .OOCOOE 00 .OOOOOE 00 *OOOOOE 00 

•OOOOOE 00 -OOCOOE 00 -OOCOOE. 00 -IOOOOE 01 •OOOOOE 00 

ROW S 

•OOOOOE 00 •OOOOOE 00 .OOOOOE 00 .OOOOOE 00 .OOOOOE 00 

•OOOOOE 00 -OOOOOE CO -OOCOOE 00 -. 60 OOOE 01 OOOOOE 00 

ROW 9 

•OOOOOE 00 -OOOOOE OC -OOCOOE 00 -OOOOOE 00 .OOGOOE 00 

•OOOOOE 00 -OOCOOE 00 .OOCOOE 00 -OOOOOE 00 • IOOOOE 01 

ROW 10 

•OOOOOE CO -OOCOOE 00 .OOCOOE 00 -OOCOOE 00 .OOOOOE 00 

• -OOOOOE 00 -OOCOOE 00 .OOCOOE 00 .OOOOOE 00 -.fcOOODE 01 

R0 W 11 

-•20H?0E 02 -64570E 01 --PSl^OE 00 -OOOCOE 00 •OOOOOE 00 

• OOOOOE CO -OOCOOE 00 -OOCOOE 00 --Zo^oE 02 •?45 ^dE 00 

ROW 12 

• 3b7J*0E 01 -P7760E 02 -M1*0E CO --55<'7oE 01 

-.26910? 01 -OOOOOE 06 0? -l«?4nE 03 - 


J X, *Z *1 * 4 - 

•OOCOOE 00 -OOOOOE 00 : -OOOOOE 00 * OOOOOE 00 -OOOOOE Oo 

•OOOOOE 00 -OOOOOE 00 -OOOOOE 00 -OOOOOE 00 •OOOOOE Oo 

-OOOOOE CO -OOOOOE 00 -OOOOOE 00 -OOOOOE 66 •OOOOOE 06 

-OOOOOE 00 -OOOOOE 00 -OOOOOE 00 -OOOOOE 00 .OOOOOE 00 

•IOOOOE 01 .OOOOOE 00 .OOOOOE 00 -OOOOOE 00 .OOOOOE Oo 

•OOOOOE 00 -OOOOOE 00 -OOOOOE 00 -OOOOOE 00 .OOOOOE Oo 

•OOOOOE 00 .OOOOOE 00 -OOOOOE 00 -OOOOOE 00 .OOOOOE Oc 

-OOOOOE 00 .OOOOOE 00 «OOOOOE 00 -OOOOOE 00 .OOOOOE Oo 

•OOCOOE 00 -OOOOOE 00 -OOOOOE 00 -OOOOOE 00 -OOOOOE Oo 

-OOOOOE 00 -OOOOOE 00 -OOOOOE 00 -OOOOOE 00 •OOCOOE Oc 

•OOOOOE 00 “*7207oE 00 - 10650 E 00 -38250E 00 -•? 0 *^ 20 E 0? 

-363^0E 01 »?2o5oE 00 -*76D30E 00 -17i70E 0 ? 


OOOOOE 00 -OOOOOE OC 
30060E 02 



Table F7 


D Matrix 


R0W l 


•OOOOOE 
K0W 2 

00 

•OOOOOE 

OC 

•000000 
R0W 3 

00 

•OOOOOE 

00 

•OOOOOE 
R0W 4 

00 

•OOOOOE 

00 

•OOOOOE 
R0W 5 

00 

•OOOOOE 

00 

•OOOOOE 
R0W . 6 

00 

•OOOOOE 

00 

•OOOOOE 
ROW 7 

00 

•OOOOOE 

00 

•OOOOOE 
R0W 8 

00 

•OOOOOE 

OG 

• 60000E 
R0W 9 

01 

• OOOOOE 

CO 

• OOOOOE 

R0W 10 

00 

• OOOOOE 

00 

•OOOOOE 
R0W 11 

00 

•60000E 

01 

•OOOOOE 
R0W 12 

00 

•OOOOOE 

00 

•OOOOOE 

00 

•OOOOOE 

00 



Table F8. P Pots 


■ 00 


28 

.2696 

01 


29 

.0243 

02 

.2000 

30 


03 

.6010 

31 


04 

.0865 

32 


05 

.0113 

33 


06 

• 3484 

34 


07 

.0703 

35 

.0073 

08 

■ . 2000 

36 

.2618 

09 

.0188 

37 

.8350 

10 

.6400 

38 

.1328 

11 

.0444 

39 

.0264 

12 

. 1650 

40 


13 

.1796 

41 


14 


42 


15 

.0422 

43 


16 

.0168 

44 


17 

.1435 

45 

.9770 

18 

.0208 

46 

. .5008 

19 

.0988 

47 

.0706 

20 


48 

. 1612 

21 


49 

.2287 

22 




23 




24 




25 

.2128 



26 

• 7411 



27 

.7411 
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Table F9. Q Pots 


00 

.2500 

40 


80 

.2825 

01 

.2500 

41 


81 

.4754 

02 

.2400 

k 2 


82 

.1820 

03 

.2400 

43 


83 

.3080 

04 

.6000 

44 


84 

.1021 

05 

• 3845 

45 

.1134 

85 


06 

.2743 

46 

.2904 

86 


07 

.0246 

47 


87 

.4000 

08 

.1914 

48 


88 

.0437 

09 

.0703 

49 


89 

• 3592 

10 

.0181 

50 

.2042 

90 

.5000 

11 

.0403 

51 

•9562 

91 

.5000 

12 

.0160 

52 

• 3217 

92 

.3460 

13 

.0820 

53 

. 1278 

93 

.4180 

14 

.6000 

54 

.1783 

94 

.4639 

15 

.5925 

55 


95 


16 

.6080 

56 


96 


17 


57 

.1731 

97 

.3299 

18 

.0025 

58 

.2810 

98 

.0887 

19 

.2006 

59 

.8758 

99 

. 1280 

20 

.0289 

60 

.1779 



21 

. 1188 

61 

.1180 



22 

.0244 

62 

.7260 



23 

.2236 

63 

.2662 



24 


64 

.1802 



■25 

.8760 

65 

1 



26 

.3343 

66 




27 


67 

. 4665 



28 


68 

.1459 



29 


69 

.2122 



30 


70 

. 1064 



31 


71 

.3208 



32 


72 

.1157 



33 


73 

.2000 



34 


74 

.0326 



35 

.3878 

75 




36 

.3878 

76 




37 


77 

.0852 



38 


78 

.4244 



39 


79 

.1630 
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Table F10. Amplifiers 


00 

-500. 6 a 

20 


40 


60 

+10. V 

80 

+2.v 

01 

-500. 6 r 

21 


41 


61 

+1000. r 

81 

+10. x 

02 

♦ 500 . 

22 


42 


62 

-1000. p 

82 

-5.% 

03 

+500. 6 a 

23 


43 

(1000. r) 

63 

+200. 6 a 

83 

+5.Tl 1 

04 

+200. Uiq 

24 

a 

cm 

44 

+5 - a 

y 

64 

+200. 6 r 

84 


05 


25 

+500. 

45 

+2. x^ 

65 


85 


06 


26 


46 

+4. y 

66 


86 


07 

-1000. H 

27 


47 

-4. y 

67 


87 


08 


28 


48 

-2. x^ 

68 


88 


09 


29 


49 

1 

ro 

X 

ro 

69 


89 


10 


30 


50 

+1000. H 

70 

+1000. p 

90 

nm l 

11 


31 


51 

+1000. 0 

71 

+500. p g 

91 

nm 2 

12 

-200. Uiq 



52 

-1000. 0 

72 

-500. Pg 

92 

"5* T| 2 

13 

- 200 - U 2Q 

33 


53 

-10. v 

73 

-10.x 

93 

-WN X 

14 

+20 °- U 2Q 

34 

(4. y) 

54 

-1000. r 

74 

-2.v 

94 

-wn 2 

15 


35 

+2. X^ 

55 


75 


95 


16 


36 

+2.x 2 

56 


76 


96 


17 


37 

-2.x^ 

57 


77 


97 


18 


38 

-500. x^ 

58 


78 


98 


19 


39 


59 


79 


99 
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+ 1000. p = 


- 1000. p = 


+ 1000. r = 


1000. r = 


- j 


(" Uu ) 

\ Q70 / 


(10)(+I000.p) + 


+. la 


12 


Q54 


( 10)( -1000. r ) + 


-10 


13 (10)(+I0.v) 

Q60 


17 


-25. a 
P45 

'- 2a l,10 

l rss , 


( 20 )(+ 2 .x 1 ) + 


+ 50 .a q\ /+ 50 . a 

18 (l0)(-2.x ) + 

Pl-9 / \ P37 


19 


(10)(-2.x 3 ) 


(10)(+500.x 4 ) + 


-.2a 


1,l4 |(lO)(-t500.6j 
P03 


.2a 


1,15 


P01 


( 10)( -500. 6 r ) 


> dt 


- {( l) (+1000. p) } 


- 1 


21 

Q69 


(l)(+1000.p) + 


( 1 ) ( +1000 . r ) + 


+ | 5 °° a27 |(lO)(+2.x 1 ) + 

Q68 1 1 


Q6l/ 

+500. a 

Q67 


28 


(1)(-2.x 2 ) + 


f+100. a 
Q53 
450 . a 


23 (l)(-10.v) 


Q79 


29 |(10)(-2.x 3 ) 


2,10 

Q78 

* a 2,15\ 
Q59 / 


( l) ( +500. x, ) + 


+2. a 


2,14 


Q77 


(lX-500.6.) 


(l)(+500. 6 ) ^ dt 


- {(l)(+1000.r) } 


Figure FI. Analog of Plant 
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+10»v = 


-10, v = 

+ 1000. <E 

- 1000. 0 
+ 1000. H 
- 1000, H 

+ -y = 


i +. Ola . , 

- I 31 |( 1)(-1000 

Q62 


/-.001a \ 

p) + I ^ (10) (+1000. r 

\ Q58 ) 

+ * O1 ^)(l)(-lOOO.0)+f‘* 5a 37] (lO )(+ 2 . Xl ) + h 

Q52 / \ Q99 / \ < 


) + [ 33 (l)(+10.v) 

Q57/ 


38 


0)(-2.x 2 ) 


(+5 • a 


39 


/+. 02a 


(l)(-2.x ) + 

Q97 / J \ Q 89 


- {( 1 )( +10. v) } 


3,15 ( l)(~ 500. 6 ) i dt 


= - r 



(l)(-1000.p) + j ~ c |( l)(-1000.r) S dt 
Q88 / 

j 


).r)| 


= - {( 1)(+1000. 0) } 

= - \ {( 1 ) ( - 1000. r ) ]dt 

= - {( l)(+1000. H) } 


* J 


✓ 

< 

f 63 ](l)(-10.v) + 1 

f- . 004, 64 ' 


[ Q87 / 1 

1 O'* 6 i 


(1)(+1OOO.0) 


/. 0004a 


65 


Q45 


( 10)(-1000. H) 


> dt 


{(D(+4.y)} 


Figure Fl. Analog of Plant (Continued) 
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- 10.x = - 


+ 2.x^ = 


- a. Xl = 


{(l)(+10.x)} 

J< 

KD(+2. Xl )} 


I ' la77 \(lO)(+2.x ) + f + ' la7>11 )(10)(-2.^ 

\ Q36 I \ Q37 / 


>dt 


2 -*p “ - I 


-.00978a 
\ Q26 


88 


( 102 . 3 ) ( +2 . Xg ) 


* f:?) 


(100)(+2.x 3 ) 


+ / + - 005 *8,u| 

(200)(-2.v) ► 


Q16 j 

4 

- 2.x 2 = - {(1)(+2 .x 2 )] 

+ 2 " x 3 = “ !' 

’/ + -°5V 

(20)(-2.x 2 ) -t 

l W 1 

V 

f 


f. 01032a 
Q 06 


99 


(96.7)(-2.x 3 ) 


+ | 9,U ] (l00)(+2.v) ^ dt 

Q05 


2.X3 = - {(1)(+2.x 3 )} 


+ 500 . Xj+ = - J 


* la io,io\ 

P26 f 


l+. la 


(10) (4500.x.) + ' 10,13 (10)( -500. p a )> dt 


P 27 


• 500 .x, = - {(1H+500.X, )} 


Figure FI. Analog of Plant (Continued) 
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+ 5-a = -< 

y 1 


• nr)™-”" 1 ' * (" ’-1' ” 


v) 


[■• 25h ll,7i 

q64 

/■'°i h i 1 , 10 

Q50 


j(l)(^OO.x 4 ) + |"° 1 ^ ,l4 j (l)( - t500 - 6 4 ) 


| + *° lh l^l 5 |(l)(-5 00 - 6r 


Figure FI. Analog of Plant (Continued) 
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r '2 


Figure FI. Analog of Plant (Concluded) 
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+ 200. u.= -< ( 2kll | (1) (-1000p.) + f 2 12 |(1) ("1000. r) + | 13 (l)(-10.v) 


/.2k..\ /-2k. A 50 ' k i ft\ 

+ 14 (1) (-1000.0) + 15 (1)(-1000.H) + (l)(-4.y) 

\ P 05 I \ P06 / P07 / 

1-lOO.kA 1 100.k 1H \ / lOO.k \ 

+ 17 (l)(+2.x.) + (l)(-2.x ) + (1K-2.X-) 

P08 / 1 1 P09 , 1 V P15 / 


-Ak 1 -lOO.k. \ ^ "20. k 

+ 1,1 (1) (+500. x,) + ’ (1) (+2. v) + 

P16 4 \ P17 / l P18 


(l)(+10.x) 


/-.4k. ...I /+ . 4k n /+.4k. 

+ 1,iJ (1) (+500. p ) + 1,14 (l)(-500.6 ) + 1,13 (1) (+500.6) 


fl+°^2i\ / + "^ 22 ] r 20 ^ 23 ' 

+200. u_ = -/[ (l)(-1000.p) + ^ (l)(-1000.r) + 

2Q H P35 I \ P36 I \ P38 j 

/-.2k ,\ /+.2lc /+50.k,J 

+ * 4 (1) (+1000.0) J " (1)(-1000.H) + 4 


(l)(-10.v) 


(1) (-4. y) 


■lOO.k \ /+100.k,.\ /+ lOO.k Q \ 

' (l)(+2. Xl ) + 48 (l)(-2.x„) + (l)(-2.x ) 

P48 010 Qll 


“ • 4k o 10 \ /-lOO.k \ „ -20. k 2 .J 

+ 2,10 ( 1) (+500, x,) + 2,11 (1) (+2.v) + 2,12 

Q12 / Q13 1 Q20 j 


(1) (+10. x) 


^"• 4k 2 13\ /-Ak 2 +,4k2 

+ J (l)(+500.p ) + 14 (1) (+500.6 ) + ’ ^ (1H-500.6 ) 

Q21 I 8 Q22 a 1 . Q23 


- 200. U 1Q *= 1 {(1) (+200. U 1Q^ 

-200. u 2Q *= 1 {1) (±200. u 2Q )} 

Figure F2. Analog of Quadratic Controller 
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APPENDIX G 

HIGH-ALTITUDE ABORT SIMULATION 


This appendix discusses the simulation used to generate the high-altitude 
abort results of Section V. 

The basis for the simulation is a 6-degree-of- freedom (6 DOF) hybrid simu- 
lation developed at Honeywell for performing entry simulations. This simu- 
lation includes data for the North American Rockwell (NR) 134D delta wing 
orbiter. The equations of motion are presented in Table Gl. It is capable 
of simulating entry from orbiter to final approach, including navigation, 
guidance, and control. Closed-loop guidance was not used in this study. 

The high-altitude abort investigation of Section V required modifications to 
the entry simulation. Table G2 presents the thrust vectoring forces and 
control equations added to the basic entry simulation. This includes pro- 
visions for variable mass, center of gravity, inertias, and the effects of 
offset between the center of mass and the aerodynamic moment reference 
center. 

The thrust vector control system (TVC) is presented in Figure 56. Fig- 
ure 60 gives power levels (PL), angle- of- attack commands (ar c ), and bank 
angle commands (0 C ) intended to duplicate the point mass trajectory obtained 
from NR. This abort trajectory initiated at 22 6, 987 feet, at a velocity of 
10, 308 fps, with +6 deg of flight path angle. The commands are presented 
in Table G3 and are stored in the modified entry simulation. 

Figure Gl shows the simulated mass properties variations with vehicle 
weight. The table at the top of the figure permits comparison with the 
source data. All of the tests began at the 650, 000 pounds gross weight used 
by NR in generating the abort trajectory. The mass properties, as generated, 
are open to argument, since the cg's and inertias associated with 760, 000 
pounds gross weight were used at 650, 000 pounds. This is an error, but the 
consequences are considered minor; they should not influence the conclusions 
of this report. 
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Table Gl. Equations of Motion 
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Table Gl. Equations of Motion (Continued) 


DIRECTION COSINES BETWEEN INERTIAL AND BODY AXES 

2 2 2 2 

En = u>i + tog + w 3 + w 4 

E 12 = 2(w 2 w 3 ' u l w 4 } 

E 13 = 2(uj 2 u 4 ' W l tJ 3 ) 

E 2 1 = 2(u> 2 W 3 ' W 1 U 4 ) 

2 2 2 2 

E 22 = W 1 ' W 2 + w 3 ' u 4 

E 23 = 2(w 3 W 4 + W 1 W 2 ) 

E gi = 2 ( ll> 2 co 4 + WjCJg) 

E 32 = 2(w 3 U 4 ' U 1 U 2 } 

E 33 = W l 2 ' W 2 2 " w 3 2 + w 4 2 

RELATION BETWEEN INERTIAL (X, Y, Z) AND 
BODY VELOCITIES (U, V, W) 



' E ll E 21 


E 12 E 22 E 32 


E 3l\ / U> 
V 


^ E 13 E 2 3 


E 33/ 


W 


GRAVITY COMPONENTS IN AN INERTIAL FRAME 

r = (X 2 + Y 2 + Z 2 ) 1/2 
g # =g o r o 2 /r 2 

g x = ~g' (y)» gy = SMI) * g Z = g'lfl 
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Table Gl. Equations of Motion (Continued) 
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Table Gl. Equations of Motion (Concluded) 


AIRSPEED, MACH NUMBER, a, AND /3 

v y<+vw, 



fi = tan 

a = ( U W - W U)/(U 2 + W 2 ) 
a a a a 

L(u 2 + w 2 ) v - v o (u u + w w)] 

__ a a a a a 

V U i + W a (U a + V 2 + W 2 ) 

V a a a a a 
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Table G2. TVC Equations Added to Entry 6 DOF Simulation 


ENGINE THRUSTS (See Figure 60 for Power Level Program) 

FE1 = PL1 [477, 000 - < A e )P AXMOS ]. If PL1 < 0. 5, FE1 = 0 

FE2 = PL2 [477, 000 - (A e )P ATMO g]. If PL2 < 0. 5, FE2 = 0 

2 

P ATMOS = atmos P heric pressure, lbs/ ft 
2 

= 50 ft , the effective nozzle exit area retracted 

/3 command for unsymmetric thrust: 

IF l PL1 - PL2 | > 0. 1, 0 c = 0 SIGN (PL1 - PL2) 


PROPELLANT BURNED BY MAIN ENGINES 

WPRO = 400,000 - J 1,043 (PLl+PL2)dt 

Vehicle Weight = 22 5, 000 + WPRO + (2 50, 000 - 22 5, 000) 

If WPRO = 0, go to orbit maneuver burn 


MASS PROPERTIES, MAIN ENGINE BURN 


CG cg bo cg full 


ZgG = ZcG BO + r CG FULL 


x x_ 


(l x 

i 

- I 

1 

\ FULL 

BO 

1 

1 1 

- I ' 

I! 

y FULL 

y BOj 

11 


-“bo] 

1 WPRO 
1400, 000| 

Zcg bo) 

1 WPRO 1 
\400, oo o| 

WPRO 1 


400, OOOj 


WPRO 
400, 000 

) 


319 




Table G2. TVC Equations Added to Entry 6 DOF 
Simulation (Continued) 


t - t + It - t \| WPRO 

z Z BO Z FULL JN 56 


I = i + h _i WPRO 

xz xz BO XZ FULL xz BO 1400,000) 


See Figure G3 for constants. 


ORBIT MANEUVER BURN 


X FORCE = 30,000 lb 


j3 = 0 
c 

Weight of OM propellant, WOM = 2 5,000 - 63t 

If WOM = 0, then 0 = FXE = FYE = FZE = LE * ME = NE 


MASS PROPERTIES, ORBIT MANEUVER PROPELLANT BURN 


x = x +/x - x I WOM 

CG cg e nt CG BO CG ENt| l 25 ' 000 


CG cg ent cg bo cg ent 


I = I +/i -I /W.QM > 

x x ent x bo x ent, 25,000 


I =1 +/ 1 -I ) f WO M \ 

y y ENT y BO y ENT 25, 000 1 


WOM 


T z =I z 


I = I 
xz 


ENT 

| Z BO Z ENT 


+ |l - I 

XZ ENT 

\ XZ BO XZ 


WOM 1 
2 5, 000i 


WOM 
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Table G2. TVC Equations Added to Entry 6 DOF 
Simulation (Concluded) 

ENGINE FORCES AND MOMENTS, BODY AXES 


FXE = FE1 + FE2 + x 


FORCE 


FYE = (FE1) fi. + (FE2)6 0 
1 z & z 

FZE = -(FEl)6 ly - (FE2)6 2y 

LE = FEl[6 ly (Y CG -Y6 1 )- 6 lz (z CG -z fii )] 

+ FE2[6 2y (Y CG -Y 62 )- 6 2z( z cG- Z 6 2 )] 

ME = FEl[6 ly (x CG - x fij ) + (z CG - z 6i >] 

+ FE2[6 2y (x CG - x^) + (z CG - z^)] 

NE = FEl[6 lz (x CG -x 6i ) + (y CG -y 6i )] 

+ FE2[ «2z ( x CG ' X 6 1 ) + (y CG ' y 6 2 )] 

is zero. Gimbal position coordinates are converted to feet 
irvcnes, they are: 


x _ = 2200 

6 i 


x c = 2200 
6 2 


z _ = +490 

6 i 


y k = + 68 
°2 


z _ = +490 

6 2 


AERODYNAMIC MOMENTS CORRECTED FOR CG OFFSET FROM 
REFERENCE MOMENT CENTER 

X RMC = (1422 + 211) / 12 

C NORM = C LIFT COS a + C DRAG Sln a 


C_ = C + C M (x - x D/c 

CG m RMC N CG RMC 


+ C (x„„ - x 


)/b 




Table G3. Test Sequences to Check Out 
TVC and SAS 


TVC Test Sequence 


Time 

Pll 

PL2 

n 

C 



0 

1 

. 0 

1 . 

■ 

B 

. 0 

0 

5.0 







0 

5.1 







70.0 

20.0 







70. 0 

20. 1 

i 






1 

0 

35.0 





50 

.0 , 



35.1 



] 





45.0 



1. 




! 


45. 1 



0 


1 

r 



75.0 





30. 

■ 



75. 1 


f 



11 , 

■ 



85.0 

1.0 



J 

I 

K 

1 

85.1 

0 


1 

f 

1 

■1 

■ 

■ 


SAS Alpha Command Sequence 


Time 

a 

C 

0 

11.0 

10.0 j 

11.0 

10. 1 

30.0 

30.0 

30.0 

30. 0 

50.0 

50.0 

50.0 

50. 1 

11.0 

1000.0 

11.0 


0 = PL1 = PL2 = «> c 
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1700 


1650 


1600 


6 


4 


2 


0 


NR 1340 AUGUST 1970 MASS PROPERTIES (NO PAYLOAD) 


CONDITION 

WEIGHT 

C.G. STATION 

x z 

INERTIAS x 10' 6 
'x *y *z *xz 

LIFTOFF 

760,000 

1578,1 484,6 

5.74 22.9 26.3 1.04 

BURNOUT 

250,587 

1692,8 486,5 

3.49 15.0 16.1 1.21 

ENTRY 

214,861 

1648.8 473.9 

3.36 13.3 14.6 0.96 



WEIGHT, LBS 


SEQUENTIAL BURN OF MAIN AND 
ON-ORBIT PROPELLANTS 

PARALLEL BURN 



WEIGHT, LBS 




Figure Gl. Mass Properties Variations with Vehicle Weight 




APPENDIX H 

SYMBOLS AND NOTATION 

Reference: Thelander, J. A., "Aircraft Motion Analysis", 
Air Force Technical Documentary Report 
FDL-TDR-64-70, March 1965 


The above reference provided the bulk of the notations used in this report 
as well as the equations of motion given in Appendix B. Additional symbols 
are due primarily to powered flight with thrust vector control systems. 


a = speed of sound, ft/sec 

2 

A = effective nozzle area of main engine, ft , used to compute engine 
thrust: A^ = (F VAC - F SL | /P SL 

a £ g = lateral acceleration at c.g. , equations decoupled from pitch 

ACPS = attitude control propulsion system (acronym) 

a , a , a = linear c.g. accelerations along body x, y, and z axis, 
x y eg respectively 

a„ = normal acceleration at station x„ 


b = wing span, or reference length for lateral aerodynamic moment 
coefficients 

- 1 / -X 

B = inertial longitude; B = tan I ~y~ 

C = basic symbol for aerodynamic force and moment coefficients 
c = wing mean aerodynamic chord 

C , C L , C n , C m , etc. = nondimensional stability derivatives with 
a M j3 m a reference to stability axes 


c , c , c 

l m n 


rolling, pitching, and yawing moment coefficients, respectively 


Cl = qSb ' C m 


M 

qSc * n 


N 


qSb 


324 



C T , C = life and drag force coefficients, respectively, (stability axes) 

C N’ C A = normal and axial force coefficients, respectively (body axes) 

C , C , C = longitudinal, side-force, and normal-force coefficients, 

^ z respectively (body axes) 

D - aerodynamic drag - the aerodynamic force in the plane of symmetry 
along the projection of the relative wind on the plane of symmetry. 
Drag is positive in the negative X (downstream) direction 

DWO = Delta Wing Orbiter (acronym) 

DWT = Dog-Wag-Tail (acronym) 

ECS = Entry Control System (acronym) 

F Ei = thrust of ith engine, lbs: (T = SF £i ) 

F F sl = engine thrust in vacuum and at sea level, respectively 

F^, F , F z = total force components along body axes 


F 

= X 

+ X 

+ F 

X 

g 


xe 

F 

= Y„ 

+ Y 

+ 

y 

g 


ye 

F 

= Z 

+ Z 

+ F 

z 

g 


ze 


F , F , F = engine force components along body axes 
xe ye ze 

g = gravitational acceleration constant 
h = altitude, feet 

H = heading; more often denoted by xfy 

I = engine specific impulse, lbs thrust/lb/sec propellant consumed 

sp 

I = moment of inertia of one engine about hinge line 
E 
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I , I , I = moments of inertia about X-, Y-, and Z-axes, respectively 
x y z 

Ixz = product of inertia with respect to X- and Z-axes 

K = control system gain (G sometimes used in FORTRAN) 

t = reference length for aerodynamic moment coefficients 

L = aerodynamic lift - the aerodynamic force in the plane of symmetry 
perpendicular to the projection of the relative wind on the plane of 
symmetry. Life is positive in the negative Z (upward) sense. 

L = inertial latitude, positive North 

L £ , M , N e = engine rolling, pitching, and yawing moments about X, Y, 
and Z axes, respectively 

L, M, N = aerodynamic rolling, pitching, and yawing moments about X-, Y 
and Z-axes 


L/ v, M, ,, N/ v = basic symbols for dimensional moment derivatives; sub 
' ' ' ' script denotes variable of differentiation, e.g., L^ = 

SL/dJ 3 , M = fba f 

a 


m = mass 

M = Mach number 

m-g = mass of one engine 

N = normal force; force component along negative Z axis 

2 

P = atmospheric pressure, lbs/ft ( p g L = 2116 PSF) 

PL = power level of propulsion engine; a value of 1 . 0 denotes 100$ 
of normal power level 

p, q, r = small-disturbance angular velocity components about X-, Y-, 
and Z-axes, respectively 

P, Q, R = rolling, pitching, and yawing velocity components (angular) 
about X-, Y -, and Z-axes, respectively 

q - dynamic pressure 
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rmc = reference moment center for aerodynamic data, normally 
used as a subscript 

S = wing area or reference area for aerodynamic coefficients 
SAS = stability augmentation system (acronym) 


t = time 

T = total direct thrust force = 

TVC = thrust vector control (acronym) 

TWD = Tail wag dog 

u, v, w = small-disturbance linear velocity components along X-, Y-, and 
Z-axes, respectively 

U, V, W = linear velocity components along X-, Y-, and Z-axes, 
respectively 

V A , W A = vehicle velocity components with respect to the air mass 
along X-, Y-, and Z-axes, respectively: 


U A = U - U 


w 


V 


A 


•V - V 


w 


w = W - W 
A w 


U , V , W = wind velocity components along X-, Y - , and Z-axes, 

A w W respectively 

V = total linear velocity of vehicle c.g. 

V = velocity normal to the reference trajectory 

2 2 2 1/2 

V = total velocity with respect to the relative wind, [U A + V« -t-W. ] 

1 the true airspeed AAA 


W = weight, lb. 

W = wind vector, or horizontal component 

W x , W , W z = wind components with respect to launch local vertical (the 
y boost study assumed W z = 0) 
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X, Y, Z = inertial position coordinates 


x, y, z = lengths., measured from mass properties axes. The MSFC 
launch vehicle axes center at the booster nose on its Cj^. 
x positive aft, y to right, and z up. This is viewing the combi- 
nation with orbiter on top, its belly to the belly of the booster, 
which is upside down 


X E ’ y E 
1 i' 



ith gimballed engine mass center coordinates 


X CG’ y CG’ Z CG 


C.G. coordinates 


x^ , y^ , z^ = ith gimballed engine hinge line coordinates 
1 i i 


X, Y, Z = aerodynamic force components along X-, Y-, and Z-axes, 
respectively 


X( ), Y( ), Z( ) = basic symbols for dimensional force derivative; sub- 
script denotes variable of differentiation . 

For example. 


Xu 


ou e 


ax . v ax 

as ' w 3w 
e 


Xg, Yg, Zg = gravity force components along X-, Y-, and Z-axes. The 
boost analysis in this report uses: 

\ 

Xg = - mg sin 0 


a - 


Yg = mg cos 0 sin $ 
Zg = mg cos 0 cos $ 
angle of attack; tan a = W^/U^ 


> © = y R + e 


j3 = sideslip angle; sin 0 = V^/ 

Si , Si^ = ith engine gimbal rotations about gimbal pitch and yaw hinges; 
y the notation implies control moments predominantly about body 

y and z axes 

S x , ®y' \ = system parameters, denoting rotational commands about 

y the X-, Y-, and Z-axes to be distributed to the 5i and 6i 

y z 

<5 , 5 = typical control system gains, denoting S6x/Sp and S6a/Sp, 

p P respectively 
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Q = damping ratio 

y = flight-path angle, the angle between the velocity vector and the plane 
of the horizon 

y R = flight-path angle of boost reference trajectory 

5,5,6 = deflection of ailerons, elevator, and rudder, respectively 

a' e r 

p = air density 

0, $ = orientation angles of vehicle body axes in yaw, pitch, roll 
sequence 

X = heading of inertial velocity vector in local vertical frame 

0, 0, i// = perturbations of vehicle axes orientation angles $, 0, ty, 
respectively. In the small-disturbance approximation 
0=| pdt, 0 = I qdt, xfy = f rdt, respectively 

(j = frequency, rad/sec 

= earth 1 s rotation rate, rad/sec 


General Notes: 

1. All angles and angular velocities are in radian measure. 

2. Fundamental units are used throughout, i.e., slugs, feet, 
seconds . 

3. Throughout this table, the symbol q denotes dynamic pressure 
when multiplied by the wing area (qS). 

4. The subscripts o denote steady- state reference condition for 
small-disturbance analyses, c command, j jet, respectively. 

Subscripts 

o steady -state value 
c command 
j reaction jet 
e local vertical coordinates 


329 



111 i mi mil mu in i 


in 


i ii i 


III III III II II II l llli ill i li aim 


II I 


a total velocity or component with respect 
to air mass 

w wind velocity 

E rocket engine 
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